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THE CENOZOIC DEPOSITS OF TEXAS. 

The purpose of this paper is to give a brief account of the 
Cenozoic deposits of Texas as they are now understood, and to 
make such correlation of the various horizons as may appear to 
be warranted by the stratigraphical position and fossil contents. 

The statements are based, partly on my own field work, partly 
on that of other members of the survey, and the paleontological 
studies of Cope, Harris, and Cragin, the details of which have 
been given in previous publications or will appear in the Fifth 
Annual Report of the Geological Survey. 

EOCENE. 

So far as known, all of the deposits referable to the Eocene 
Tertiary in Texas are confined to the Coastal Slope. They have 
been divided as follows: 

d Frio clays. 

c Fayette sands. 

6 Yegua clays. 

a Marine beds. 
Lignitic beds. 

1 Will’s Point or Basal clays. 

Basal Clays—The basal beds of the Eocene consist of stiff 
laminated clay, yellow, red, blue or bluish green in color, with 
some laminz and beds of sand, boulders and indurated strata of 
calcareous material, containing in places many fragments of 


shells. The boulders are irregularly distributed through the 


clay, and sometimes form continuous bands for considerable dis- 


tances, as in the vicinity of Tehuacana. Another phase assumed 
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by the lime is the small cauliflower-like concretions which abound 


in certain beds. Gypsum crystals are also plentiful. 

In areal distribution the Basal clays are principally found 
north of the Colorado river, and, although a few localities are 
known south of that stream, the beds are, for the most part, 
obscured by overlap. 

Typical exposures of the beds can be found in the vicinity of 
Elmo, Will’s Point, Tehuacana, and on the Rio Grande near the 
Maverick-Webb county line. 

The fossils, which occur in pockets, have been determined by 
Harris, who assigns the beds to the horizon of the Midway stage 
of Alabama. Characteristic fossils are: 

Ostrea pulaskensis Har., Cucullea macrodonta Whitf., Yoldia 
eborea Con., Crassatella kennedyi Har., Pleurotoma ostrarupis Har., 
Volutilithes rugatus Con., V. limopsis Con., Pseudoliva unicarinata 
Ald., Aporrhais gracilis? Al\d., Enclimatoceras ulrichi White. 

Lignitic Beds. —These beds are composed, for the most part, 
of siliceous sand of various colors, usually much cross-bedded, 
micaceous and often containing specks or grains of glauconite. 
Clays of various colors occur, laminated, as interbedded and 
interlaminated sands and clays, and in massive beds. Lime is 
present in the form of nodules, concretions and beds of siliceous 
limestones. Gypsum is also found in places. Brown coal and 
lignite beds, varying from a few inches to ten and twelve feet in 
thickness, are of frequent occurrence, and traces of oil and gas 
are found. Silicified wood is common. Iron occurs in the form 
of pyrites, and also in nodules, strings and small seams of clay 
ironstone. 

The upper portion of the beds is composed of a series of red 
and white sands and white clays—the Carrizo sands of Owen 
and Queen City beds of Kennedy. 

The lignitic beds are well marked from the eastern limit of 
the state to the Rio Grande, forming, as a usual thing, gently 
rounded hills covered with forests of oak. Typical exposures 
may be found at Athens, Calvert Bluff, Rockdale, Lytle, Carrizo 
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The fossils, which, according to Mr. Harris’ determinations, 
are those characteristic of the Lignitic of Alabama, include the 
following : 

Dentalium micro-stria? Heilp., Pleurotoma mooret Gabb, and 
numerous others which are common to these beds and those 
underlying or ov erly ing them. 

In addition to the invertebrate forms these beds also contain 
a varied and well preserved flora which has not yet been studied. 

Marine Beds.—The Marine beds are composed of sand, with 
considerable amounts of glauconite, clays and iron ores, and are 
the principal fossil-bearing beds of the series. The lower beds 
contain extensive deposits of ferruginous sandstones and lami- 
nated iron ores, while the upper comprise brown fossiliferous 
sand, green sand marls, stratified black and gray sandy clays and 
green clays, and are the principal fossil-bearing beds of the sub- 
stage. Thin beds or laminz of carbonate of iron occur through- 
out the entire section, but the heavier beds or ore deposits are 
found toward the top of the lower beds. The lower ores are 
laminated, while those above are nodular. 

The surface exposure of the Marine beds forms a broad ridge 
or range of hills crossing the state from the east, where it forms 
the greatest elevation of that portion of the Eocene belt, to the 
southwest. Its topography is the consequence of the resistance 
of the iron ore caps of the eastern plateaux or hills to erosive 
agencies, and the similar service of the brown sandstones of the 
west. In areal extent this is the most widely distributed of the 
sub-divisions of the Eocene. 

In elevation it varies from 375 to 700 feet above sea level. 

The fossils are very abundant and well preserved, and among 
those characteristic of it may be noted: 

Ostrea alabamiensis Lea, O. sellaeformis Con. var, divaricata, Lea, 
Anomia ephippioides Gabb, Modiola houstonia Harris, Yoldia clat- 
bornensis Con., Venericardia planicosta Lam., Semele linosa Con., 
Terebra houstonia Uar., Cancellaria gemmata Con., Marginella 
semen Lea, Terebrifusus aments Con., T. costatus Lea, Levifusus 
trabeatoides Har., Nassa texana Gabb, Murex vanuxemi Con., Dis- 
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tortrix septemdentata Gabb, Mesalia claibornensis Con., Turritella 
nasuta Gb., Natica limula Con., Sigaretus dechivis Con., S. incon- 
stans Ald., Belosepia ungula Gb. 

Yegua Clays.—This sub-division was proposed to include the 
gy pseous and saliferous clays, lignites and sands lying between 
the Marine beds and the sandstones of the Fayette with which 
they were united in the first use of that name. The area occu- 
pied by them is, for the most part, only gently rolling, except 
toward the southwest, where it sometimes happens that consid- 
erable hills occur, the summits being capped by the harder 
sandstone or quartzite of the Fayette beds. 

The clays are dark blue, weathering to a dirty yellow, with a 
profusion of crystals of gypsum. In places the clays are mas- 
sive, at others laminated. The sands are gray and white, often 
laminated or cross-bedded, but sometimes massive. The fossil 
wood contained in them is simply silicified and not opalized, as 
in the succeeding beds. The brown coal and lignite deposits of 
this sub-division are as extensive as those of the Lignitic stage, 
beds with a measured thickness of sixteen feet having been 
observed on the Colorado. 

While the lithological characters of the Yegua clays are 
clearly marked and plainly traceable entirely across the state, its 
fauna connects it directly with the Marine beds. Typical expos- 
ures of the beds may be seen near Alto and Lufkin, on the 
Yeguas in Lee county, and between Pleasanton and Campbellton. 

In addition to the many forms common to this and the Marine 
beds, the following seem to belong exclusively to the Yegua: 

Tellina mooreana Gabb var., J7urritella nasuta var. houstonia 
Har., Nattica recurva Ald. 

Fayette sands —This name was originally applied by Penrose 
to the entire series of deposits between the top of the Marine 
beds and the base of the Coast clays. It is used here, with a 


greatly restricted significance, for that sub-division of the Ter- 


tiary to which the name is most applicable. This is a series of 


sands and sandstones with some clays, which contain a large 


amount of opaline and chalcedonic materials. The sands are 
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usually coarse, angular to rounded in shape, forming sandstones 
of variable degrees of hardness, highly quartzitic in places, and 
cemented by an opaline matrix at others. Large quantities of 
opalized wood occur, and chalcedony is abundant, especially in 
the southwest, where it forms the centers of geodes, the septa of 
septaria, and even fills crevices in the sandstone. Beds of vol- 
canic dust and siliceous sinter also occur interbedded with the 
clays and lignites. In the Nueces valley cone-in-cone structure 
is widely developed, and considerable aragonite occurs in the 
basal portion of the bed. Many of the clays are white, and of 
sufficient purity to be valuable for the manufacture of the finer 
grades of earthenware. The beds of lignite are, for the most 
part, small and unimportant. 

There is no sharp line of demarkation between these beds 
and the Yegua clays below, but the change in the character of 
the sediments has caused a corresponding change in the topog- 
raphy. The gently rolling area of the Yegua clays is bordered 
on the south by a disconnected range of hills, whose northward- 
facing scarps and bluffs (often 150 feet in height) can be traced 
from Rockland, on the Neches, westward, by Riverside, Mul- 
doon, and Tilden, to the Rio Grande. Southward from this 
scarp the descent is more gradual. The influence of these beds 
of sandstone on the course of the rivers which cross them is 
very marked, producing a sharp east or northeast deflection, such 
as that of the Trinity on the northern boundary of Walker 
county. 

While the Fayette beds of the eastern part of the State are 
almost without invertebrate fossils, so far as determined, the 
fauna increases toward the Rio Grande, and on that river includes 
large beds of immense oysters. The forms specially character- 
istic of it are: 

Ostrea alabamiensis var. contracta Con., Siliqua simondsi Har., 
Ceronia singleyi Har., Cornulina armigera var. heilpriniana Har., 
Cerithium pliciferum Heilp. 

It is connected with the underlying beds by such forms as 


Nucula magnifica Con., Venericardia planicosta Lam., Corbula ala- 
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bamiensis Lea., Levifusus trabeatoides Har., Pseudoliva vetusta Con., 
Calyptrophorous velatus Con. 

The flora of this sub-stage is quite varied, and some of the 
forms very well preserved, but up to the present no study of it 
has been made. 

Frio clays —The Fayette subdivision passes upward into a 
series of gypseous clays with sand and sandrock, differing greatly 
lithologically from the underlying beds. This subdivision is 
therefore proposed for them. According to Kennedy, they are 
not present (in this form at least) on the Neches river, but I 
found them well developed on the Frio and Nueces. 

The clay s are dark colored, greenish gray, red or blue, usually 
massive, with quantities of gypsum and with calcareous concre- 


tions arranged in lines, giving them a stratified appearance. 


The sandy clays are laminated and bedded, green, red or blue 


in color, and interbedded with brown and green sandstone, which 
is concretionary and, in places, highly indurated. Brown sands 
overlie these, and are followed by laminated chocolate clays 
containing concretions of crystalline limestone with manganese 
dendritions. These clays weather white, as at the mouth of the 
Frio. 

Typical exposures: Between Weedy creek and Oakville on 
Atascosa and Frio rivers, and on the Nueces south of Tilden. 

While the fossils are not very abundant, enough were 
found to determine its close relationship with the underlying 
beds. The Ostrea, Corbula, etc., are distintly lower Claiborne 
forms. 

So far as our observations vO, this is the highest bed refer- 
able to the Eocene and from the evidence now before us it 
appears that there are no deposits in the State belonging 
either to the Upper Claiborne, Vicksburg, or Jackson, since no 
fossils characteristic of either of these stages have yet been 
found. 

The Texas Eocene, as a whole, is therefore composed of a 
series of comparatively shallow water deposits, laid down during 


a period of slow and gentle oscillations. Numerous local uncon- 
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tormities exist between the several subdivisions, and even among 
the beds of the same subdivision. The Carrizo sands show a 


more or less wavy structure throughout their extent, and this is 


continued upward into the Marine beds. Some portions of the 


Marine beds seem to have been subjected to erosion before the 
deposition of the Yegua clays, and faults of slight throw are 
quite common. As awhole the beds thicken from the Colorado- 
Brazos divide to the eastward and toward the Rio Grande and 
are also more indurated in the latter region. The general dip 
is south to southeast 10 to 50 feet per mile, although reverse dips 
are common in places. 

The fossils which these beds hold in common with deposits 
of similar age of the Pacific slope, some of which are not found 
in the Tertiary of the Atlantic coast, bear evidence to the fact 
that the Gulf of Mexico was at that time connected with the 
waters of the Pacific. The fossils common to these deposits 
and the Tejon beds are, according to Harris :? 

Whitneya ( Strepsidura) ficus Gabb, Natica etites Con. equiv. to 
Nevireta secta Gabb, Solarium alveatum Con. equiv. to Architecto- 
nica cognata Gabb, Solarium amaenum Con. equiv. to Architecto- 
nica hornit Gabb, Cardita hornit Gabb equiv. to Venericardia plani- 
costa Lam. 

The influx of large amounts of hydrous silica, beds of silice- 
ous sinter and volcanic ash, and the development of cone-in-cone 
structure in the upper portion of these deposits is worthy of 
note as indicating the manner in which these Tertiary deposits 


became a land area. 
NEOCENE. 


Beds of Neocene age are found both in the Coastal slope 
and on the Llano Estacado. They probably exist in the trans- 
Pecos district also, but have not as yet been positively identified. 
The deposits include beds both of Miocene and Pliocene age, 


and the following division is proposed: 


‘Science, August 16th, 1893. 
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Coastal slope. Llano Estacado. 
2 b Reynosa 
Pliocene 2a Lagarto 
2 Lapara Blanco 
Miocene Ia Goodnight 
t Oakville Loup Fork 


MIOCENI 


The Loup Fork beds of the Llano Estacado are com- 


posed of alternating beds of bluish and almost pure white 


sand, capped by a conglomerate of siliceous pebbles in white 
sand matrix. In areal extent they are found overlying the Trias- 
sic of the Plains throughout its northern portion, but extending 
to the south only as far as Mulberry canyon. The fauna, as 
described by Cope,’ in addition to a number of species hitherto 
found only in beds of the Loup Fork terrane, and thus fixing the 
age of the Texas bed, contained two new forms: Protohippus 
pachyops, Cope, and Procamelus leptognathus, Cope.’ 

On the Coastal slope the Frio beds of the Eocene are suc- 
ceeded by a series of deposits, which in a general way resemble 
the underlying Fayette sands, and have hitherto been regarded 
as a part of those beds. While it is possible to distinguish 
between them, the differentiation is complicated in many instances 
by the overlap of still later beds largely derived from both these 
and the Fayette, and therefore bearing a very close resemblance 
to them lithologically. 

The deposits are those of rapid currents of shallow water. 
Grits and coarse sand, cross-bedded,? with some beds of clay but 
oftener with balls, nodules or lenses of clay imbedded in the grit. 
Some of the sand forms a sandrock which is apparently firm and 
hard, but much of it is so feebly coherent as to fall apart ona 

* Fourth Annual Report, Geological Survey of Texas, Part IL., pp. 18-40. 

* Professor W. B. Scott regards these beds as equivalent to the Archer beds of 
Florida, which Dall, for stratigraphic reasons, places in the Pliocene. Bull. Geol. 
Soc. Am., vol. ii. p. 595. 

3Cf. Loughridge, Tenth Census of the U.S., Cotton Production of the State of 


Texas, p. 21. 
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slight blow of the hammer. Local beds of conglomerate occur, 
and, on the Nueces, a heavy bed of black flint gravel was traced 
from its outcrop until the dip carried it below the water line. 

As I now understand this division, the base is found at La 
Grange bluff, described by Penrose,‘ and it embraces the beds 
from which the fossils came which were reported by Shumard 
(Trans. St. Louis Academy, 1863, p. 140) and determined by 
Leidy (Proc. Phil. Ac. Nat. Sc., 1865, p. 176, and 1868, p. 231, 


etc. ) 


Mill creek, between Brenham and Burton, marks a lithol- 


ogical change, the rocks west of that stream, which are the 
lower, being more compact than those east, which at Brenham 
have the character of cross-bedded grits with pebbles of clay, 
containing water-worn cretaceous fossils, as well as numerous 
fragments of the bones of vertebrates. A similar division was 
noticed east of La Grange. 

On the Nueces the beds, which are here highly saliferous, are 
well exposed from Oakville to Fort Merril, at which place they 
are overlaid by the Pliocene. Here begin the silicifications of 
portions of the materials, which becomes a more and more 
prominent feature of the deposits further west. 

Among these silicifications may be mentioned the rocks, 
known as Las Tiendas, on the road between San Diego and 
Tilden. On the outside these rocks resemble masses of light- 
colored flint, the surface of which is highly polished by blown 
sands. Closer examination shows that they are simply portions 
of the interbedded clays and sands of the Oakville beds, which 
have become silicified without destroying the original structure 
of the beds. Thus the bedding and lamination is apparent in 
portions of the mass, and the siliceous pebbles, so common in 
the unaltered beds, are found in these masses also. 

To the same age as the Oakville beds I have also referred 
the range of hills in the valley of the Nueces, known as the 
Picachos. 

These hills, running northwest and southeast, are nowhere 


‘First Annual Report, Geological Survey of Texas, p. 54. 
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over 100 feet higher than the valley in which they stand, but 
their serrated tops give them the appearance of a range of 
eruptive hills. The beds here, unlike those at any other place 
in the Texas Tertiaries, stand at high angles, and have a dip of 
75 to 80 degrees to the southeast. 

The materials of which they are composed are claystones 
interbedded with porcelaneous and siliceous rocks, partly flinty, 
partly opaline, with bands and network of chalcedony and with 
seams of ferruginous material. A few seams of calcite, in the 
form of dog-tooth spar, and a bed of aragonite, 20 feet in thick- 
ness, banded in brown and white and much knotted and twisted, 
are found. The true opaline character of the rock was shown 
by an analysis by Dr. Mellville, and the present condition may 
be regarded as the result of infiltration of hydrous silica in hot 
solution into the Tertiary marls, and their consequent alteration. 
A number of specimens collected show that the marl was cracked 
in every direction, and that these fissures are now filled with 
chalcedony, while the marl is changed to a porcelaneous sub- 
stance. 

The sands and clays of this division form the scarp known as 
the Bordas, which forms the southern border of the Nueces 
valley from Dinero to Los Angeles. It also caps many of the 
outlying hills in the valley. 

Only a few fossils have been found, but such as are determin- 
able—Protohippus medius Cope, P. perditus Leidy, and P placidus 
Leidy . Aphe lops meridtanus Leidy, etc.—are sufficient to determine 
its age as Loup Fork. 

The exact relation of these beds and those found in boring 


the Galveston deep well has not been determined, since no 


deposits containing similar marine Miocene fossils have been 


found at the surface on the Coastal slope. The relationship of 
the Deep Well Miocene and deposits of Florida and the West 
Indies is shown by Harris" in his report on the organic remains 
from that boring 

On the Llano Estacado there is no great break between the 


* Fourth Annual Report Geological Survey of ‘Texas, p. 118. 





THE CENOZOIC DEPOSITS OF TEXAS. 59 


Loup Fork beds and the Blanco or Pliocene, but they are 
directly connected by a deposit which has been called the Good- 
night beds. The fauna, according to Professor Cope, contains 
forms which are found in the underlying Loup Fork, and others 
which extend upward into the overlying Blanco, as well as three 
which are peculiar to itself—/Protohippus lenticularis Cope, Hip- 
pidium interpolatum Cope, and Equus eurystylus Cope. It is pos- 
sible that more detailed investigations of the upper portion of 
the Oakville beds above Lapara creek, and between Brenham 


and Long Point, may furnish evidence of a similar condition. 


PLIOCENE. 

The Blanco beds—Pliocene of the Llano Estacado are 
composed of clays and sands interbedded with diatoma- 
ceous earth and capped with calcareous sandstone and lime- 
stone. They constitute the eastern scarp of the Plains from the 
Double Mountain Fork of the Brazos river on the south, to Palo 
Duro Canyon on the north, resting directly on the red clays of 
the Triassic. 

The vertebrate fauna of these beds is described in the Fourth 
Annual Report of the Texas Survey, Pt. ii, pp. 47-74. 

The species are: Testudo turgida Cope, T. pertenuis Cope, 
Crecoides osbornii Schuf., Megalonyx leptostomus Cope, Canimartes 
cumminsti Cope, Borophagus diversidens Cope, Felis hillanus Cope, 
Tetrabelodon shepardii Leidy, Dibelodon humboldtit Cuv., D. tropicus 


Cope, D. precursor Cope, Equus simplicidens Cope, E. CummInNsIL 


Cope, £. minutus Cope, Platygonus bicalcaratus Cope, Plhauchenia 
| | LVS 


spatula Cope. 

On the Coastal Slope the beds are grits and clays overlaid 
by light colored clays, gravel, and tufaceous limestone. In this 
area I have suggested the following divisions: Lapara, Lagarto, 
and Reynosa-Orange sand.’ 

The Lapara division, as shown on Lapara creek and on Hog 

* McGee, in the Twelfth Annual Report of the U.S. Geological Survey, has cor- 
related the Reynosa and Orange sand with his Lafayette formation; but I retain the 
names originally given to these beds for purposes of description, and their precise 


relations to the Lafayette formation can be determined later. 
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Hollow, on the opposite side of the Nueces, consists of sands 
and clays interbedded and somewhat cross-bedded. The sands 
are coarse and sharp, often forming grits, and including pebbles 
of clay and calcareous concretions. The clays are jointed and 
parti-colored - light red, green, etc.—and in some localities 
appear as a conglomerate of clay pebbles. Fragments of bone 
are common in them, but they are often so worn as to prevent 
recognition. The fossils were submitted, to Professor Cope, who 
pronounced the horizon to be the Blanco, and states that nothing 
from either locality indicates a horizon as low as the Loup Fork. 
Similar deposits were observed on the Southern Pacific railroad 
between La Grange and Columbus, and in the vicinity of 
Brenham. 

The Lagarto division includes a series of sands and clays of a 
different character from the Lapara, and overlying them. It 
comprises light colored clays—lilac, lavender, sea-green, greenish 
brown and mottlings of these colors—jointed and showing many 
slips. In places the upper portion contains a considerable amount 
of sand, gravel, or lime, and the change in a single stratum from 
one kind of rock to another takes places within a very few feet. 


In localities where the lime predominates it closely simulates the 


Reynosa. Where the limestone or calcareous sandstone caps the 


clays, strings of limestones extend downwards into them for a 
distance of six or eight feet. The clays contain quantities of 
semi-crystalline limestone pebbles with manganese dendritions, 
and, indeed, manganese appears to be one of the characteristics 
of the clay wherever found. The upper portion of the beds is 
usually a sandstone. No fossils have been found in them. 
Reynosa division.— Lithologically this is the most character- 
istic of allof the Neocene deposits. While I use the name given 
it by Penrose in 188g, it had been observed previously by Schott 
and Shumard, both of whom referred it to the Cretaceous. This 
reference, made on lithological grounds alone, has in its favor 
the fact that there are many localities where the Reynosa deposits 
so closely resemble those of the Austin limestone that, were they 


found within the Cretaceous area, they would be passed without 
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question, even by those better acquainted with the Cretaceous 
than were these observers. Loughridge, in his Report on Cotton 
Production, (Tenth Census Report), comes nearer the truth when 
he refers it to the Port Hudson. 

The very variable series of beds intended to be included in 
this division, has, usually, at the base a conglomerate of pebbles 
of various sizes, imbedded in a lime matrix, often indurated, 
sometimes tufaceous, sandy or evenclayey. Above this is often, 
but not always, a series of interbedded clays, limy clays, limy 
sands and sandstones with some pebbles. This closely resembles 
the Lagarto clays. The whole is capped by the Reynosa lime- 
stone. This isa tufaceous lime rock, but often so mixed with clay 
or sand as to lose that character. There are few exposures which 
show the entire series of beds. In places along the middle Rio 
Grande, the basal bed of conglomerate is all that is present, 
while on the divides the basal and uppermost beds are usually 
found, but without the intermediate Lagarto. 

The Reynosa, in its typical form, is only found west of the 
Colorado, so far as I have observed. East of the Guadalupe the 
lime is gradually replaced by iron, the Orange sand phase appears 
in the Colorado drainage and east of that stream becomes the 
prevailing form, although some lime is present at many localities. 
This change is obviously due to the fact that in the western part 
of the State the erosion of the Cretaceous limestones furnished 
the materials for the Reynosa, while in the east the ferruginous 
beds of the Tertiary supplied the materials for the Orange sand. 

No fossils have been found in this deposit which can certainly 
be said to be indigenous to it. A number of shells of Bulimus 
were found imbedded in an upper crumbly layer of. it, but they 


are simply on the surface and are probably later. 


No other bed of the Tertiary has anything like so wide a dis- 


tribution as this. I found it at the top of the escarpment of the 
Llano Estacado in Garza county, at the point marked “11” on 
the map of the Llano Estacado accompanying the Third Annual 
Report of this Survey, and also just south of Big Springs, resting 
on the northern slope of the Cretaceous hills. Cummins has 
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traced it over a large portion of the Plains, and while we have 
no record of it on the top of the Cretaceous plateau between Big 
Springs and the Nueces canyon, it may be there, and have been 
overlooked owing to its close resemblance to Cretaceous mate- 
rials. In the canyons, however, on the southern edge of the 
plateau, its presence has been reported by Hill and Taff, and I 
have traced its continuation southward from the line of the South- 
ern Pacific railway to San Diego. While no direct connection of 
these beds with those of the Llano Estacado has been observed, 
their lithological identity and stratigraphical relations to the 
Blanco beds below and the Equus beds above seem to warrant 
the conclusion that a connection did exist either across or around 
the Plateau. 

While erosion has removed the Reynosa from a large part of 
the Guadalupe and Nueces valleys, it still caps the divides and 
higher elevations and forms the surface of that plateau between 
the Nueces and the Rio Grande which is in many respects the 


homologue of the Llano Estacado, and may well be called the 


Reynosa plateau. On this plateau it attains an elevation of over 


eight hundred feet above sea level in an area which appears on 
all topographic maps as lying below the 200 foot contour. 

In the Orange sand area the conditions are somewhat differ- 
ent. The beds do not appear to have covered the entire area, as 
did the Reynosa, but to have been laid down in drainage chan- 
nels, lakes or bays among the islands or promontories of Eocene 
materials. 

The Neocene deposits, taken as a whole, represent a period 
of lacustrine, fluviatile and estuarine deposits. With the excep- 
tion of the fossils obtained from the Galveston deep well there is 
nothing to indicate marine conditions anywhere in the region 
during Neocene times. 

At the close of the Pliocene the beds were elevated and sub- 
jected to considerable erosion prior to the deposition of the 
Pleistocene. The Sun mound, west of Waller, is an outlier of 
the Orange sand, and Damon’s mound, in Brazoria county, seems 


to belong to the Reynosa, although many miles to the seaward 
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of any other exposure referable to that horizon. Every con- 


tact which I have observed also bears evidence to the fact. 
PLEISTOCENE. 


The Pleistocene deposits include the Equus beds and con- 
nected deposits found along various rivers and creeks; the 
Coast clays and their extensions along rivers and creeks and 
contemporaneous deposits of the Seymour plateau; and the later 
river, creek and surface deposits either of aqueous or subaerial 
deposition. 

Equus beds.—I\n the valleys and depressions hollowed out by 
the erosion of the Pliocene materials were laid down the ash- 
colored limy sands and gravel which constitute the typical Equus 
beds of San Diego and southwest Texas and the more ferrugin- 
ous beds of the same age east of the Colorado. So far as I have 
observed them they rest with great unconformity upon the Rey- 
nosa, indeed, there is no equal unconformity visible between any 
other two series of beds in the Texas Cenozoic. 

The deposits consist, in their typical exposures, of limy con- 
glomeritic ashy material, containing pebbles derived from the 
underlying Reynosa. The beds are without trace of stratification, 
except that here and there through them the calcareous matter 
appears as a line of nodules, or bed of pebbles will follow a 
straight line for several feet. The beds are usually ashy yellow 
in color, but lighter in places, and grade upward into a grayer 
and more sandy body, and then into a black soil. Their ashy 
appearance is one of their distinguishing characteristics. When 
damp they are easily dug into, but when dry are very hard. 
The vertebrate fossils, to which they owe their name, are found 
in the lower portion of the beds, while they are rare in the upper 
or grayer portion, which carries instead a number of forms of 
land and fresh water shells. However, no line of division can 
be drawn between the two portions as the change is very gradual. 

The thickness of the beds, so far as observed, is in no place 
over 20 feet, and they appear to occur in detached and irregular 


basins, usually connected directly with some drainage channel, 
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present or past. The Equus beds of the Llano Estacado are sim- 
ilarly related to the underlying Blanco beds, and in one instance, 
on Wild Horse creek, rest directly on the Trias. In addition to 
the typical locality at San Diego, these beds are found at many 
other localities on the Coastal slope, some of which have been 
noted in the publications of Cope and Leidy and others by this 
Survey. They also extend up the river valleys for considerable 
distances, as is proved by the presence of characteristic fossils 
from the second bottom deposits as far inland as Austin. The 
species described from the Plains are as follows: 

Testudo hexagonata Cope; T. laticaudata Cope; Mylodon ? 
sodalis Cope; Elephas primgentus Blum; Equus excelsus Leidy; 
E. semiplicatus Cope; E. tau Owen; FE. major Dekay ; Holem- 
entscus sulcatus Cope; H. macrocephalus Cope. 

From the San Diego beds the following have been reported : 

Cistudo marneckit Cope ; Elephas primigenius Blum; Canis sp. 
Glyptodon petaliferus Cope; Equus tau Cope; £. semiplicatus Cope; 
E.. excelsus Leidy ; £. occtdentalis Leidy ; E. crentdens Cope. 

In addition to these many others have been reported from 
localities to the eastward, proving the existence of the beds over 
a large portion of the Coastal slope. 

The shells collected from the upper part of the San Diego 
beds and determined by J. A. Singley are as follows: 

Bulimulus dealbatus Say; Physa gyrina Say; P. heterostropha 


Say; Patula alternata Say; Planorbis lentus Say; P. bicarinatus 


Say; P. parvus Say; Amunicola peracuta P. & W.; Unio texasensts 


Lea; U. sp.?, Spherum elevatum Hold. ?; Helicina orbiculata Say ; 
Helix texasiana Mor. 

Coast clays.—The Coast clays which are regarded as the west- 
ern extension of the Port Hudson group of Hilgard, and as 
belonging to the Champlain Period of Dana, underlie the greater 
part of the area of the coast prairies. They form a wide belt 
lying between the Reynosa and the sandy coastal strip, and in 
many places stretch to the very shores of the bays which border 
the gulf. 

The Coast clays are for the most part heavy limy clays of vari- 
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ous colors, yellow, red and blue in places, in others olive green and 
brown. They are interbedded with sand, contain nodules and con- 
cretions of lime, are often high in iron, and the sand, which for 
the most part is uncompacted, at times forms concretionary masses 
of considerable size. These clays vary from east to west in accord- 
ance with the varying character of the beds from which they were 
derived, being more silty eastward and denser toward the west. 

In the only contact of any extent which I have seen, that on 
the Brazos river east of Sealy, the Coast clays rest unconformably 
upon the Equus beds, as they do upon the Reynosa further west, 
in such places as the Equus are lacking. In them have been 
found several varieties of land shells, and fossil vertebrates occur 
at many localities. They too, stretch inward for many miles 
along the river channels forming the second bottoms, and even 
the highlands, as proved by the fossils secured from such deposits. 
These are usually characterized by E/ephas and Equus remains. 
Similar remains as well as those of smaller animals, are also 
found in the body of the deposit itself. 

These clays have been studied very little. The exposures are 
so very few and usually so widely separated, the fossils so scat- 
tered, and the economic questions outside artesian water and 
agriculture, so few, that they have not received the attention 
they deserve. It seems probable, however, that when more 
thoroughly studied, they will be separable into two portions, the 
lower being much darker and more evenly bedded than the 
upper or massive beds. 

The evidence before us now, however, is to the effect that the 
second bottoms of the rivers are by no means referable to any 
one division either of the Pliocene or Pleistocene, but that they 
comprise deposits ranging in time from Blanco to Recent. 

Either to this or to the upper Equus horizon must also be 
referred the brown silty clay which is found on some of the 
divides in the Coastal slope. In places this carries land shells 
and exhibits a loess-like structure. It is well developed on the 
divide between the Nueces and the Leona, and has been observed 


in many other localities. 
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The Seymour Plateau, which is referred to this horizon 
because of its mid-Pleistocene, or at least post-Equus fauna as 
determined by Cope, stretches northeast from the Texas and 
Pacific railway west of Sweetwater, with a width varying from 16 
to 50 miles, to Red river, north of Vernon, a total length of 160 
miles. The western border of this ancient lake is sharply defined 
by a range of gypsum hills, as may be seen on the Fort Worth 
and Denver railroad east of Quanah, In elevation it varies 
between 1200 and 1600 feet above sea level, and although at 
present cut through by many streams, whose beds are sometimes 
150 feet below the plain, the general flatness of its surface is 
still well preserved, 

Of the latest of the divisions of the Pleistocene little can be 
said, because it has been studied least of all. It comprises the 
sands of the immediate coast area, which stretch inland in places 
for 50 miles and more; the later stream gravels, and other 
deposits of gravels and sands which are found on the surface at 
many localities. The sand dunes of the west and southwest also 


belong here. 
CONCLUSIONS. 


None of the beds of the Eocene having vielded fossils char- 


acteristic of horizons higher than the lower Claiborne, the depos- 


its referable to that series are confined to its basal portion. 

Certain forms indicate a connection of the Eocene waters of 
the Texan region with those of the Pacific. 

In the Texan region dry land probably existed from mid- 
Eocene times far into the Miocene. 

Although there is a possibility that the lower portion of the 
deposits referred to the Miocene may prove a little earlier, the 
fossils so far discovered belong to the upper portion of that 
stage—the Loup Fork. 

The exact relation of the Loup Fork and the marine Mio- 
cene of the Deep well is undetermined, 

There exists, both on the Llano Estacado and on the Coastal 


slope a series of beds, overlying the Loup Fork and underlying 
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the Equus beds which contain a “fauna more nearly and strictly 
Pliocene than any of the lacustrine terranes hitherto found in the 
interior of this continent.”"* This stage culminated similarly both 
on the Stockaded plain and on the Coastal slope. 

The strong unconformity existing between the Equus beds and 


the Pliocene deposits, together with their relations to the over- 
lying Coast clays, seem sufficient warrant for making them the 


base of the Pleistocene. E. T. DumBLE 


*Cope. Fourth Annual Report Geological Survey of Texas. Pt. 11, p. 47. 





OUTLINE OF CENOZOIC HISTORY OF A PORTION OF 
THE MIDDLE ATLANTIC SLOPE." 

In the spring of 1891, I published a preliminary account of 
the Mesozoic and Cenozoic formations of eastern Virginia and 
Maryland, in which there was given a brief resumé of the his- 
tory.’ Studies have been continued in the region, and much new 
information has been acquired, especially regarding the rela- 
tions and history of the younger formations. Notice of the 
results of these studies was given at the meetings of the Geologi- 
cal Society of America, in December, 1892, and August, 1893. 
In this paper, there is presented a brief summary of the principal 
features, but further details and a more extended discussion, will 
appear later in a memoir now in course of preparation. 

The middle Atlantic slope extends with fairly regular decliv- 
ity from the Appalachian range to the ocean. It comprises two 
provinces, the Piedmont and the Coastal plain. The former, 
which lies to the westward, is a high undulating plateau carved 
in greater part in crystalline rocks; the latter slopes to the 
ocean, and is underlain by unconsolidated deposits ranging 
from Cretaceous to Pleistocene in age. The Piedmont belt is 


traversed by rivers which flow in gorges, and the minor water 


ways run in deep rocky valleys. The slope to the eastward is 


gentle and the province merges into the Coastal plain in a zone 
of moderate width, in which, to the northward, there is increased 
declivity. The surface of the Coastal plain comprises wide areas 
of plateau to the southward and rolling hills to the northward, 
which attain maximum elevations from two hundred to three 
hundred feet. It is bordered on the eastward by low terrace 
plains, and traversed by wide depressions, which contain terraces 
of various heights. The gorges of the rivers of the Piedmont 
«Published by permission of the Director of the U. S. Geological Survey. 


2 Geol. Soc. Am., Bull., Vol. IL, pp. 431-451; Plate to. 
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belt open into these depressions and the larger rivers become tide 
water estuaries in the Coastal plain. 

The formations underlying the Coastal plain province are a 
series of widely extended sheets of gravels, sands, clays, and 


marls lying on an east-sloping floor of crystalline rocks. They 


are separated by unconformities and, in greater part, dip gently 


and thicken gradually, to the eastward. They emerge at the 
surface in succession to the westward, but there is more or less 
overlap of the younger formations beyond the edges of the older 
formations. The Cretaceous and Tertiary representatives are the 
Potomac and Raritan formations, consisting of clays and sands 
of early Cretaceous age; Magothy* sands and brown sandstones 
of Maryland ; the great greensand series of New Jersey repre- 
sented by the carbonaceous sands of the Severn formation in 
Maryland; Pamunkey formation consisting of glauconitic sands 
and marls of Eocene age; Chesapeake formation consisting of 
clays, fine sands, and diatomaceous clays of Miocene age, and 
the Lafayette formation consisting of gravels, sands, and loams 
of later Neocene or Pliocene (7?) age. 

On the terraces in the depressions, and on the low lands to 
the eastward, there are deposits of gravels, loams, and sands of 
Pleistocene age which have, in greater part, hitherto been com- 
prised in the “Columbia formation.” I have found, however, 
that these depositions consist of two series of deposits, an 
earlier, which lies on the higher terraces westward and is the 
basal member eastward, and a later deposit, which lies on the 
lower terraces, and overlies the earlier deposits eastward and 
southward of the Potomac valley. This difference in altitude is 
due to emergence and strong tilting from the northwestward 
between the time of deposition of the earlier and later deposits. 
The area of this emergence is shown by the heavier ruling in figure 
4. The earlier deposit has not been differentiated before, but it 
is an important and distinct member of the Coastal plain series. 
The general relations of the various formations near the latitude 
of Washington are shown in the fifth section on figure 3. 


*Recently defined by DARTON, Am. Jour. Sci., 3d Ser., Vol. XLV., 1893, 45 pp. 
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TERTIARY BASE-LEVELS. 


It is now very clearly recognized that the Piedmont plateau 
is a peneplain of Tertiary age. This plain extends eastward 
over the Coastal plain region, and with gradually decreasing 
altitude finally passes beneath tide water level not far from the 
present coast line. In the Piedmont region, the plain has been 
deeply trenched by drainage ways, but wide areas are preserved 
in the divides. On the Coastal plain, it is overlain by the 


Lafayette formation by which it is largely preserved to the 


southward, but in northern Maryland, Delaware, and New Jersey, 


this formation has been removed and the peneplain gives place 
to rounded hills or to later terrace levels. The Tertiary pene- 
plain extends over the Piedmont plateau to the foot of the 
mountains and through their gorges into the great Appalachian 
valley. Its altitude near the Blue Ridge west of Washington is 
about 600 feet, but it rises gradually along the foot of this range 
to goo feet on Jamesriver. A short distance west of Washington, 
its altitude is 400 feet, and a few miles to the eastward, where it 
is widely overlain by the Lafayette formation, it is 270 feet. At 
the shore of Chesapeake Bay, east of Washington, it is 110 feet, 
and near the mouth of the Potomac river, 90 feet. At Rich- 
mond, it is 200 feet, and it passes beneath tide level near Norfolk. 
These altitudes indicate a gradual slope to the east, and to the south 
along the Blue Ridge near James river. There is, also, a gen- 
eral increase of altitude to the northward along the Coastal 
plain, which has resulted in the wide removal of the Lafayette 
formation and degrading of the underlying peneplain in that 
direction. In figure 5, an attempt has been made to represent 
the contour of the peneplain by one hundred foot contours, 
restoring the portions which have been degraded. The steep 
slopes in the Washington-Baltimore region are due mainly to the 
inter-Columbia tilting. A portion of the general tilt to the east, 
especially to the southward, was probably pre-Lafayette, and the 
peneplain had originally, of course, a moderate seaward slope. 


The surface contour of the peneplain is quite smooth. On the 
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Coastal plain, the Lafayette formation lies on a very smooth sur- 
face, but there are low depressions along the lines of the present 
valleys of the larger streams south of, but not including, the 
Potomac. In the Piedmont region, there is a system of very 
low flat divides coincident with those of the present drainage 


’ 


systems. There are a number of “monadnocks” or unreduced 
areas of hard rocks, which rise more or less abruptly to various 
heights above the plain. These are shown on figure 5. Parrs 
Ridge, the large, unreduced area west of Baltimore, rises gradu- 
ally to only a moderate elevation, but its slopes are nearly every- 
where clearly demarked from the peneplain. The monadnocks 
are portions of the old Cretaceous peneplain which was the slope 
on which the Tertiary peneplain was excavated. Probably the 
tops of some of the higher monadnocks stood above the Creta- 
ceous plain. 

During the development of the Tertiary peneplain, there 
were deposited the Chesapeake, Pamunkey, and possibly portions 
of earlier deposits, and the long time intervals by which these 
formations are separated represent intervals of uplift and in- 
creased planation. It has not been possible, as yet, to differen- 
tiate the topographic products of these epochs in the Piedmont 
region, and probably the local features to which the earlier con- 
ditions gave rise were effaced in succeeding epochs. A certain 
amount of base-levelling progressed in the Piedmont region dur- 
ing the deposition of Lafayette formation, but the relative 
amount is not known. Probably it was not great for the forma- 
tion represents but a small time compared with preceding depo- 
sitions and uplifts. 

TERTIARY DEPOSITS. 

There are three formations of Tertiary age in the Coastal plain 
region, Pamunkey (Eocene), Chesapeake ( Miocene), and Lafay- 
ette (Pliocene?). The Pamunkey formation consists of glau- 
conitic sands and marls, which attain a thickness of about 180 
feet east of Washington. It represents but a small proportion 


of Eocene time, and according to a recent comparison by G. D. 
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Harris," is equivalent to a small member near the lower portion 
of the Eocene series of the Gulf region. 

The Chesapeake formation consists of clays and fine sands 
with large amounts of diatom remains in the lower members. Its 


thickness is about 800 feet in eastern Maryland and Virginia, 


but it is only from fifteen to thirty feet thick about Washington, 


and is thin all along its western edge. In New Jersey, it is over 
1,400 feet thick in artesian wells at Atlantic City, but here it 
includes a lower series, the Shiloh marls, which do not reach the 
surface in Maryland and Virginia. In the Gulf region, there are 
still older Miocene members. The youngest members so far 
studied are found in the Yorkton-Suffolk region, in Virginia, and 
these are at about the horizon of the youngest Miocene known. 

The Lafayette formation consists of bowlders, gravels, and 
sands westward, but the materials become finer to the eastward 
and southward. It is a thin sheet varying from fifteen to twenty 
feet in thickness in greater part. It overlaps the edges of pre- 
ceding formations, and its western edge extends for some dis- 
tance on the crystalline rocks in the Piedmont plateau. A shore 
formation of talus and bowlders along the eastern foot of the 
Catoctin Range is of this age, and according to Mr. Keith there 
are outliers on a high summit a short distance eastward. 

As before mentioned these formations are the products of 
the base-levelling of the Piedmont region. They are separated 
by erosion intervals, during which base-levelling extended over 
the Coastal plain region. 

The western thinning of the Pamunkey and Chesapeake for- 
mations may be due entirely to increased uplift and planing in 
that direction, but there is some meagre stratigraphic evidence 
that the original deposits thickened eastward, and that there are 
older members in that direction which are overlapped westward 
by the later deposits of the formations. Throughout its course, 
the Pamunkey formation is overlapped westward by the Chesa- 
peake formation, although at a few localities, the overlying 
Chesapeake beds have been removed locally. The original 


*Am. Jour. Sci., 3d Ser., Vol. XLVIL, April, 1894, pp. 301-304. 
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extent westward of the Chesapeake and Pamunkey formations is 
not known, for no shores or shore deposits remain, and the 
superimposed drainage may be of later age. As they were 
deposited in moderately deep waters and the shores were probably 
low, at least in Chesapeake times, it is possible that the deposits 
may have originally extended far west of their present terminations. 
In Virginia, both formations abut against steep shores of crystal- 
line rocks or Potomac sands, but in their original thickness they 
may have overlapped these local steep shores. About Washing- 
ton, and west of Baltimore, outliers of probable Chesapeake cap 
the highest summits under a protecting cap of Lafayette gravels, 
and as one stands on these outliers and looks westward, there is 
strong suggestion that the formations may have originally 
extended far in that direction. 
PLEISTOCENE TERRACES. 

The earlier Pleistocene terrace, or that on which the earlier 
Columbia deposits lie, is tilted to a high altitude to the northwest- 
ward, but it dips to the east and south, and finally passes beneath 
the terrace level of the later Columbia deposits. The latter is 
also slightly tilted to the eastward. As the southeastward tilt of 
the Tertiary peneplain is greater than that of the Baltimore 
terrace, the Lafayette formation passes beneath the deposits of 
that terrace along a line near the zero line in figure 5. The 
relative slopes of these terrace levels and the Tertiary peneplain 
near the latitude of Washington are shown in the following dia- 


gram: 











Figure 1. Diagram of earlier and later Columbia terrace plains and Tertiary 
peneplain near the Latitude of Washington. Vertical scale greatly exaggerated. 

In the vicinity of Washington, where the relations are partic- 
ularly well exhibited, the earlier Columbia terrace has an altitude 
from 215 to 180 feet, with the Lafayette formation on the Ter- 
tiary peneplain about 100 feet above. The later Columbian 


terraces are in a series, of which the highest averages about 100 
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feet in altitude. Both are separated by steep bare scarps, which 
are continuous for long distances. Florida, or Boundary Avenue, 


is at the foot of the younger scarp for several miles, and this 


scarp is a marked feature all about the Washington amphi- 


theatre. The earlier Columbia terrace extends widely around 
Washington, and far up the Potomac valley, at first with rapidly 
increasing elevation. It is clearly exhibited in the Frederick 
valley at an altitude of 400 feet, and Mr. Keith has called my 
attention to extensive terracings in the Goose Creek valley and 
extending across to the head waters of the Occoquan, which 
are of earlier Columbia and Inter-Columbia age. In descending 
the Potomac, the altitudes of the earlier Columbia terrace are 
found to gradually decrease, and finally it passes beneath the 
later Columbia terrace and deposits, about thirty miles below 
Washington. 

In the Baltimore region, the relations are very similar to those 
in the Potomac valley. The upper part of Baltimore is built 
mainly on the earlier Columbia terrace at altitudes from 140 to 
200 feet. The terrace and its deposits have been found to extend 
up the Jones Falls depression to an altitude of 380 feet in eleven 
miles, and there are similar relations in the Gunpowder valley, 
where the same altitude is finally attained. This is a much 
steeper slope than exists in the Washington region, and the tilt- 
ing here attains its maximum degree. Between Washington and 
Baltimore, there is a moderately wide depression, which holds 
areas of various sizes of early Columbia terrace at altitudes from 
180 to 240 feet. This depression expands widely in the region 
between the Patuxent and the Patapsco, and towards the bay the 
altitudes gradually decrease to sixty feet near the bay shore. 
On the eastern shore of Chesapeake Bay, the deposits of the 
early Columbia terrace are overlain by the later Columbia depos- 
its at an altitude from five to twenty-five feet above tide water, 
and to the eastward there is only a very gentle slope seaward. 
In the region south of the lower Potomac, the relations are simi- 
lar to those east of the bay. 

The later Columbia terraces extend in a wide belt along the 
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ocean, covering all of the eastern shore of Maryland and Virginia, 
and extending up the tidal estuaries to and into the Piedmont 
region. They pass below tide level along the coast line and extend 
far out the submarine slope. To the westward, they gradually 
rise to from 60 to 100 feet in the depressions near the western 
margin of the Coastal Plain province. They extend up the Pied- 
mont gorges for some distance, but are, of course, there greatly 
narrowed. Along the north side of the Potomac gorge above 
Washington, there is a narrow discontinuous shelf which grad- 
ually rises to 145 feet at Great Falls, where it becomes the floor 
of the valley. The inner gorge below the Falls has been cut 
through the later Columbia terrace. The later Columbia terrace 
extends up all the small valleys along the Coastal Plain, but is 


often considerably degraded in them. 


PLEISTOCENE DEPOSITS. 

The Pleistocene deposits consist of gravels, loams, and sands. 
In the typical development, there is a basal member containing 
gravels and bowlders, which merges upward into loams. On the 
earlier terraces, there is a formation of this character, which for 
the present may be designated “earlier Columbia.” On the later 
terraces, there is a similar deposit which has long been known 
as the Columbia formation, and this for the present shall be 
differentiated as “later Columbia.”’ 

In the region to the west and north of Washington, where the 
earlier terrace is highly elevated, the earlier Columbia is at high 
altitudes, and the later Columbia deposits lie on the low terraces 
in the deeper portion of the depressions, but to the east and 
south, the later Columbia lies in regular succession on the 
earlier Columbia deposits. The evidences of the separateness 
of these two formations westward are the bare scarp of erosion 
intervening between the terraces, and, in a measure, the differ- 
ence in degree of inclination. In some districts there are wide 
areas of bare slopes between the upper and lower terrace levels. 
In portions of the region eastward, a series of cross-bedded sands 
found to intervene between the earlier and later 


has been 
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Columbia deposits, which represents the products of the sub- 
zrial erosion of the inter Columbia uplift in the region westward. 
In his report on the ‘ Geology of the Head of Chesapeake Bay,”* 
McGee describes several exposures of this feature and represents 
it in his general section, but gives no suggestion as to its inter- 
pretation. It has been found to be general over a wide area, 
but is not everywhere equally distinct. The relations are shown 


in the following figure: 
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Figure 2. General section of Pleistocene deposits on the eastern side of Chesa- 
peake Bay showing relations of cross-bedded sands between the earlier and later 
Columbia deposits. 1. Loam. 2. Gravel and bowlder bed. 3. Cross-bedded coarse 
sands. 4. Loam, with scattered pebbles, etc. 5. Gravel and bowlder bed. 6. Pre- 


Pleistocene formation. 


The basal beds of each of the Pleistocene formations contain 
very coarse material to the westward which comprise bowlders, 
pebbles and sub-angular masses of quartzite, quartz, crystalline 
rocks, sandstones, and cherts, more or less closely packed in 


sands and loams. Some of the masses stand on end, and these 


‘U.S. G. S., 7th Ann. Rept., 1888. Pp. 537-646. Plates. 
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strongly suggest that they were carried by ice and dropped in 
their present attitudes. The loams contain scattered pebbles 
and bowlders, and pebbly and sandy streaks. Locally the forma- 
tions consist entirely of pebbly sands. To the eastward, there 
is a gradual decrease in the coarseness of the materials. These 
statements apply about equally to the earlier and later Columbia 
deposits, but, on the whole, the materials of the earlier Columbia 
are often coarser than those of the later Columbia. Both forma- 
tions contain local streaks of ferruginous conglomerate, but the 
earlier Columbia deposit presents much of this material, and east 
of Washington it is a conspicuous feature. In some portions 
of the regions between the valleys of the Potomac and Patuxent, 
and northeast of Baltimore, the earlier Columbia formation 
becomes very thin, and consists largely of local materials. The 
thickness of the later and earlier Columbia deposit averages 
twenty feet each. 

The earlier Columbia deposit has been widely removed from 
the higher altitudes, and up the Piedmont gorges is represented 
by meagre fragments. The widest areas now constituting the 
surface are southeast of Baltimore, and south of Washington, 
west of the Potomac. In the upper part of Baltimore, and 
about Mount Pleasant, the upper part of Washington, there are 
moderately large areas. Inthe valleys north of Baltimore there 
are many thin patches of earlier Columbia gravels, and some of 
these widen considerably in the limestone valley of the Cocky- 
ville region. In the Rock creek valley, near Washington, there 
are many small areas of the deposits at from 195 feet to 205 
feet, and an early Columbia delta at the broad intersection of 
the 200-foot terrace level with the gorge above. 

The later Columbia deposit is not widely degraded, and it 
has only been removed over the area occupied by tide water, and 


narrowly trenched by the various small water ways. 


POST-COLUMBIA RELATIONS. 


The principal Post-Columbia features are the channels which 


have been cut through the Columbia terraces, recent alluvium, 
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wash on slopes, and marsh. The Post-Columbia channels are in 
greater part flooded by tide water, which, to the southeastward, 
extends to slightly above the base of the Columbia formation. 
These channels have a depth of 150 feet in the deepest portion 
of Chesapeake Bay, but decrease in amount to the westward. 
They are excavated through the Columbia deposits and are not 
floored by that formation, as suggested by McGee. Throughout 
the region, the later Columbia deposit.caps cliffs at the waters 
edge, and to the northward its base is usually considerably 
above tide water and various subterranes appear below. Many of 
these cliffs have been cut back more or less by lateral wave action, 
but there are numerous others which are due entirely to vertical 
erosion. All the tide water channels are cut deeply into forma- 
tions underlying the Columbia deposits, and the base of the very 
lowest Columbia deposits southward is but a short distance below 
low tide. Several years ago I obtained a sample of the bottom 
of the Chesapeake bay in twenty feet of water, a mile from the 
west side of the lower bay, and it was typical Chesapeake clay 
containing a perfect, very fragile shell of a characteristic ée/lina. 
At Claiborne, on the east side of the bay, extensive dredgings 


were made for a long railroad dock, and the lower diatomaceous 


clays of the Chesapeake formation were found to be practically 


bare in the bottom. In Patapsco river, the dredgings out of the 
channel brought up typical Potomac clay at twenty-seven feet, 
which was overlain by a few feet of river mud. McGee’ states 
that the boring on Spesutic island, near the head of the bay, was 
through 140 feet of sands and silts, which were thought to be 
neither Columbia nor Potomac. I believe, however, that in the 
lower portion of this well some Potomac sands may have been 
penetrated. The well, however, proves the existence of a deep 
channel here with a great mass of alluvial filling. 

Owing to submergence now in progress, alluvial deposits are 
mainly laid down in tide water. In the Piedmont region, and in 
some of the smaller valleys, there are transient accumulations of 
alluvium on freshet planes. Throughout the region, there are 


* Loc. cit. 
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overwash deposits, or talus, on slopes and in some small 
depressions. Marsh growth keeps pace with subsidence in many 
regions, and there are numerous large marsh areas along the 
principal tidal estuaries. 

There are recent dune sands on the coast and older dunes 
inland in part of the eastern shore region, but I- have given no 


special attention to their relations. 


RESUME OF HISTORY. 

The earliest event in the Tertiary history of which there is 
evidence was the deposition of the Pamunkey formation in 
Eocene times Its fine, glauconitic, highly fossiliferous sands 
were evidently deposited in moderately deep waters containing 
an abundant fauna. The extent of the maximum submergence 
by Pamunkey seas and the original extent and thickness of the 
formation are not known. As the formation represents but a 
small proportion of the total Eocene known in other regions, 
there either were long intervals in which this region was a land 
surface (and this was undoubtedly the case during the deposition 
of older Eocene formations elsewhere) or overlying formations, 
if deposited, were subsequently removed. Consequently the 
erosion interval between the Pamunkey and Chesapeake forma- 
tions may have been inaugurated soon after the end of Pamunkey 
deposition, or it may have followed much more extensive deposi- 
tion of later Eocene formations which were removed before Ches- 
apeake deposition. It is ascertained that the entire present 
Coastal Plain region emerged before Chesapeake deposition and 
there was general planing or base-levelling, but the extent of 
uplift, the amount of tilting, and the depth of degradation which 
followed are not known. Some light may be thrown on these 
questions when the stratigraphy of the Pamunkey formation is 
more accurately determined. The emergence was followed by 
submergence during which the Chesapeake formation was depos- 
ited. As these deposits have a known thickness of 800 feet to 
the southeastward, and over 1,400 feet in New Jersey, and consist 


of very fine-grained materials, and are in part diatomaceous, their 
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deposition occupied a very long period of deep submergence; but 
how deep and how wide-spread are not known. The western edge 
of the Pamunkey formation was widely overlapped, and it is prob- 
able that the older Miocene formations were also overlapped far to 
the eastward. The conditions of erosion and sedimentation dif- 
ered considerably from those of Pamunkey times, for the fine 
sands and clays, diatomaceous in part, have had a different history 
from the glauconitic sands and marls of the Pamunkey forma- 
tion. The uppermost members of the formation, which are 
found in the southeastern corner of Virginia, were laid down 
during the uplift of the Chesapeake formation, for the mingled 
sands and shell fragments indicate proximity to a shore. They 
are very young Miocene and contain a large number of Pliocene 
shells. This emergence was probably part of the general uplift 
and planing which followed Chesapeake deposition. It was a 
general base-levelling precisely similar to that of the Post- 
Pamunkey emergence, and there are similar limitations to our 
knowledge of the extent of uplift, amount of tilting, and depth 
of denudation. In both uplifts there was slight tilting from the 
westward. It was during Pamunkey and Chesapeake times that 
much of the base-levelling of the Piedmont region was effected, 
but if these formations were originally spread far westward over 
the surface of the crystalline rocks, their presence retarded the 
base-levelling for the time being. 

Following Post-Chesapeake erosion there came a moderate 
amount of submergence and the deposition of the Lafayette 
formation. Another change had taken place in the conditions of 
erosion and sedimentation, for coarse sands and gravels were 
spread about by waves and currents over a wide zone in the 
vicinity of the shore. Farther eastward there were deeper waters 
and the sands and finer materials were deposited inthem. How 
far west the waters spread is not known, but the shore deposits 
along the base of Catoctin Mountain indicate general submergence 


of the peneplain for at least a portion of the time. The great 


sheet of typical sediments was apparently not spread far beyond 


its present limits on the divides, but it widely overlapped the 
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edge of the Chesapeake formation and many outliers of 
Potomac formation. It was from the lower and marginal 
beds of the Potomac formation that much of its material was 
derived. 

Lafayette deposition was followed by relatively rapid uplift, 
during which there were carved the wide steep-sided troughs of 
the river valleys and a wide shelf along the coast to the east and 
north. It was at this time that the present topography of the 
Coastal Plain region was outlined for, in previous emergences, 
there had been only a general planing. It is thought that the 
irregular course of the rivers across the Coastal Plain, notably 
the southerly deflections of portions of the Delaware and Poto- 
mac rivers and the head of Chesapeake Bay and the local drain- 
age relations, were due to the original contour of the surface of 
the Lafayette deposits. This surface had a peninsular configura- 
tion similar to the submarine sand bars now existent along the 
ocean coast, and, with uplift, the “sloughs” determined the loca- 
tion of the water ways. The deflected courses of the rivers are 
not related to any orogenic influence so far discovered, as sug- 
gested by McGee, nor to the texture of the deposits they 
traverse. Post-Lafayette emergence was greatest in amount 
to the northward, and in northern Maryland, Delaware, and 
New Jersey, the formation was widely eroded, together with 
the underlying formations. All of this region was planed 
to a terrace level, and a wide depression was excavated along 
the western margin of the Coastal Plain region from Baltimore 
to Washington. Wide valleys and series of terrace plains were 
cut in the Piedmont region, especially in the areas of softer rocks 
in the Jura-Trias and limestone valleys adjoining the Susquehanna 
and Potomac depressions. 

In figure 3 there are given a series of sections which illus- 
trate the conditions at a number of periods following the 
Lafayette uplift. 

In the second section in this figure is shown the relative 
amount of the erosion during the uplift following Lafayette 
deposition, along a line passing near the latitude of Washington. 
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To the northward the degradation extends farther and farther 
westward, and finally covered the entire width of the Coastal 
Plain. To the southward its amount diminishes gradually. 

The next epoch was one of general subsidence by which the 
terrace plains of the last epoch were submerged to a moderate 
depth, and the earlier Columbia was deposited. The extent of 
this submergence is represented in the following figure, and some 
of its relations are shown in the second section in figure 3. 


L. LAFAYETTE DEPOSITS ANDO POST TERTIARY UPLIFT 


eee 
EARLIER COLUMBIA EROSION SUBMERGENCE ano DEPOSITS 


ee ae 


COLUMBIA CONDITIONS 





Maximum EMERGENCE 








VERTICALS 


Figure 3. Sections near the latitude of Washington to illustrate the Post-Tertiary 


+. 


history of the Coastal Plain region. L. Lafayette formation. B. Earlier Columbia 


deposit. C. Later Columbia deposit. 


In the earliest stage of earlier Columbia submergence, a 
heterogeneous mass of coarse material was deposited, but with 
increased depth of water the fine loams and sands were laid 
down. The coarsest materials were deposited near shore, and in 
the course of the estuarine channels of the rivers. Further off 
shore there were finer deposits, and out of the river currents, 
there was less deposition, and the deposits consist in larger part 
of local materials. This period is correlated with the first ice 
invasion of the glacial epoch. 

Following the earlier Columbia deposition the general Post- 
Tertiary emergence continued to the northwestward, but to the 
south and east there was either no movement, or slightly increased 


submergence. The uplift northward was such that the area 


shown by the heavy rulings in Fig. 4 emerged, finally, to 
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Figure 4. Map of the Middle Atlantic region to illustrate the extent of the Pleistocene 


submergence. 
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about 150 feet above the water in the portions westward. The 
streams in this region were revived and a terraced trough was cut 
within the earlier Columbia trough. That this uplift was also 
rapid is indicated by the steep sides of the trough, but the 
emergence was not so long continued as the Post-Tertiary uplift, 
for when base-level was reached the trough was widened only 
about half as far. The general nature of this trough in the Wash- 
ington region and eastward is shown in the third section in 
figure 3. Farther northward the earlier Columbia terrace was 
more widely degraded, owing to the somewhat increased amount 
of uplift in that direction. During this epoch there was con- 
siderable erosion in the Piedmont region, shown mainly in the 
cutting of steep-sided inner gorges, and a general deepening of 
the drainage ways. As the cutting reached base level a series of 
wide terraces were cut in the vicinity of Washington, along the 
Delaware valley and around southern New Jersey, which were 
essentially continuous with those of the submerged region to the 
east and south. During the uplift this submerged region received 
the products of the degradation, and the coarse, cross-bedded 
sands, shown at 3 in figure 3, are just what we should expect under 
the conditions. 

The widening of the Inter-Columbia troughs was terminated 
by general subsiaence, during which the later Columbia deposits 
were lain down under conditions almost precisely similar to those 
of the earlier Columbia deposition; first, the coarse basal beds, 
and then the fine loams, with few scattered bowlders and frag- 
ments. They were deposited on the lower terrace plains of the 
depressions in the uplifted region, but to the eastward they were 
laid down in open waters over the earlier Columbia deposits and 
the intermediate deposit; 3 in figure 3. The later Columbia 


waters extended across the Coastal Plain region in the larger 


valleys and for some distance into the Piedmont region, but 


their western limits are not definitely known. In figure 4 the 


area of later Columbia submergence is represented, and some of 
its relations are shown in section 3, figure 3. The later Col- 
umbia terraces extend to the Great Falls in the Potomac, but the 
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later Columbia waters do not appear to have extended beyond 
the Falls. 

In the James river valley the Pleistocene submergence was 
continuous below Richmond. Either the earlier Columbia or 


later Columbia waters, or the continuous Pleistocene submergence 














LAFAYETTE 
FORMATION 


Figure 5. Map of the Middle Atlantic Slope, indicating the conditions in the time 
of Post-Columbia maximum uplift. There is also shown on the map the nature of the 
deformation of the Tertiary peneplain in 100 foot contours; and the present extent of 


Lafayette deposits. 


may have extended far westward. Mr. Keith informs me that 
there is a succession of gravel-capped terraces along the valley 
in the Lynchburg region, and these may represent Lafayette, 
earlier Columbia, and later Columbia deposits, laid down in 


succession during oscillations in a general uplift, as in the 
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Washington and Baltimore region. The age of the high tilting of 
the Tertiary peneplain in the James river region in the Piedmont 


province has not been determined, and a study of these gravel 


terraces should throw much light on its history. 

Following later Columbia deposition the uplift continued, but 
without much tilting. The entire Coastal Plain region was finally 
lifted from 100 to 150 feet above tide water, and deep channels 
cut through the later Columbia terraces. The drainage conditions 


* 


at this stage are represented in figure 5 and in section 4, figure 3. 





PAMUNKEY CHESAPEAKE 














Figure 6. Diagram of Cenozoic oscillations of land and water in the Middle 
Atlantic Coastal Plain region. A. Earlier Columbia. B. Later Columbia, C. The 


conditions east and south of the area of inter-Columbia emergence. 


This was the maximum degree of uplift, and was of short 
duration, for the valleys were not greatly widened, and they had 
a relatively steep inclination seaward. It was followed by sub- 
sidence, which is still in progress, and has resulted in the flood- 
ing by tide water of the larger Post-Columbia valleys of the 
Coastal Plain region. The total rate of this subsidence is not 
known, but on the coast of New Jersey its present rate has been 
estimated by Professor Cook at two feet per century. In many 
districts the incursion of tide water is kept pace with and even 
slightly exceeded by the deposition of silt and other detritus. 
These accumulations, in themselves, indicate subsidence, for the 
deposition is mainly due to slackening of currents in the shal- 
lower channels, due to tide-water incursion. Marsh growth 
keeps pace with subsidence in many portions of the region. 

In the following diagram an attempt has been made to repre- 
sent the nature of the oscillations of the Coastal Plain region, 
but, owing to the meagerness of quantitative data, is not very 


satisfactory. 
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Certain general relations in this diagram are founded on defi- 
nite data. They are the relatively greater length of Chesapeake 
submergence, the shortness of Lafayette definition, and the 
relatively short submergence of Pleistocene times. The Post- 
Lafayette emergence is shown to be greater in vertical amount 
than the earlier emergences, by the sub-aerial trough-cutting 
which ensued, but there may have been similar or deeper 
gorges in earlier times, which were finally effaced by base- 
levelling. That the Inter-Columbia uplift was of shorter dura- 
tion than the Post-Lafayette is indicated by the relative narrow- 
ness of the inner trough. 

N. H. Darron. 
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Jura—Trias Unconformity. 


INTRODUCTION. 

The stratigraphy of the metamorphic rocks of the Klamath 
mountains is destined to throw much light upon geologic prob- 
lems in the West, but as yet very few geologists have made 
explorations in this region. The principal work has been done 
by John B. Trask, of the Geological Survey of California, under J. 
D. Whitney, by J. S. Diller and H. W. Fairbanks,’ and their obser- 


vations are recorded in the various papers cited below. This 


* Acknowledgments are due Mr. H. W. Fairbanks, who gave information about 
nearly all the localities mentioned in this paper, and also supplemented by the loan of 
his collections of fossils the collections made by the writer. 
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paper deals chiefly with that part of Shasta county which bor- 
ders upon the McCloud and the Pitt rivers, where the writer 
was during the summer of 1893. 

STRUCTURE. 

Folds. The region is preéminently a folded one, although 
the folds are obscure except along the water courses, and the 
anticlines are often overthrown. This, together with the scarcity 
of fossils in the shales, and the monotonous character of the 
rocks, renders the structure hard to unravel. These folds are 
seen chiefly in the siliceous shales of the Pitt formation, the 
Carboniferous limestone of the McCloud being chiefly an east- 
dipping monocline, and the Triassic limestone of Squaw creek 
appearing as a series of short monoclines, usually with an east 
dip, and with some imperfect folds. The siliceous shales are 
usually on edge, with a strike of 25° west of north. The folds 
are nearly all short, and since the streams run with the strike, a 
peculiar effect is seen—the streams are constantly cutting across 
the strike in running from one synclinal trough into another. 
The ends of the anticlines are soon worn down deeply, until one 
loses the effect of anticlinal ‘‘noses,’’ and is inclined to think 
that the stream has cut directly through the axis by means ofa 
fault. 

East of the fork of Squaw creek, near Kelley’s ranch in the 
space of one mile there were seen in the siliceous shales three 
small anticlines. In these cases the arches of the anticlines were 
actually seen, but in most cases the folds are so sharply jammed 
together, the erosion so great, and the rocks so similar through- 
out the section that it was impossible to see the detailed struc- 
ture. 

Faults. While faults have not had such a great influence on 
the general topography as folds, still they have influenced to a 
greater degree the local details. In the siliceous shales of the 
Pitt formation faults can not be distinguished, but only surmised. 
In the limestones, however, they can easily be found. 

East of the McCloud river the Carboniferous limestone for a 
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short distance forms two east-dipping monoclines, the repetition 
being caused by a dislocation parallel with the trend of the 
mountains. The Triassic limestone on Squaw creek also proba- 
bly owes its preservation to parallel fault lines, for the limestone 
masses are often on edge, lying unconformably between beds of 
the older shales. And these limestone masses are never con- 
tinuous for more than a few miles, there being always an offset 
between one ridge and the next one to the northward. The 
limestones were probably faulted down into troughs and thus 
preserved against erosion. 

The trend of the Carboniferous limestone mountains is north 
and south, while the strike is always west of north, but exceed- 
ingly variable.’ 

Between Squaw creek and Pitt river there are at least three 


parallel north-south fault lines, for the Triassic limestone forms 


various beds, and the same fossils were observed. To the east- 
ward the Trias is cut off from the Jura by either a fault or an 
unconformity, for in some places much higher Triassic beds were 
found than at others at no great distance. But no unconformity 
by erosion was observed. 

A glance at Fairbanks’ geological map of Shasta county” 
shows that the system of faults must be younger than the folds. 
The Carboniferous limestone has a north and south trend; it is 
not however continuous, but disappears and then reappears in 
the same strike in a few miles. But the strike of the rocks is 
not parallel to the trend of the mountains, being northwest- 
southeast, while the general dip is to the northeast. 

Since the Carboniferous limestone is in line with a general 
east dip, and the Triassic nearly parallel with it, also with a 
general east dip, it seems that the strata of this region were 
thrown into folds with a northwest-southeast strike, and that 
afterwards a system of north-south faults or fault troughs broke 


' California State Mining Bureau, Eleventh Annual Report, 1893, 1894. 


) 
7 


H. W. FaiRBANKs: Geology and Mineralogy of Shasta County, p. 3 


? California State Mining Bureau, Eleventh Annual Report, 1893. 
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through ; the limestone was sunk down into these troughs and 
thus preserved against erosion, while the strata have been eroded 
away from the rest of the country. 

These limestones are therefore not lenticular masses, where 
shales take their place in the strike, for at the ends of the lime- 
stone ridges only the underlying shales are seen, and frequently 
there are detached masses of limestone with strike directly 


across the main trend. 
STRATIGRAPHY. 
The Sacramento Formation. 


Kennett limestones and shales. Along the Sacramento river, 
above Redding, is a thick series of dark contorted siliceous 
shales, with occasional masses of limestone. H.W. Fairbanks? 
describes these strata and mentions the occurrence of numerous 
corals in the limestones between Squaw and Backbone creeks, 
about four miles west of Kennett. This was the first discovery 
of Paleozoic fossils in Shasta county west of the Sacramento 
river. No fossils were found in the slates, and in the limestones 
only corals were found. 

The writer did not visit this locality, but Mr. Fairbanks 
generously gave the use of his information and collections. The 
fossils proved to be: 

Favosites canadensis, Billings. 
Favosites conf. hemisphericus, Troost. 
Cladopora couf. /abiosa Billings. 
Cyathophyllum sp. 

Chonophyllum (?) 

Aulopora sp. 

Alveolites sp. 

Diphyphyllum conf. archiaci Billings. 

This limestone therefore seems to be of Devonian age, and 
probably from the middle division, but this is by no means cer- 
tain, since we know so little of the range of Paleozoic fossils in 

*H. W. FAIRBANKS, Ms. 


?California State Mining Bureau, Eleventh Annual Report, 1893. Geology and 
Mineralogy of Shasta County, pp. 47-49. 
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Shasta-Chico formation. 


Mormon sandstone of Big Bend. 
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Shales and shaly limestones of Big Canyon. 
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Spirtferina beds, 50 ft. siliceous limestone. 
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Siliceous shales and conglomerates, at Sil 
verthorn’s ferry, and on Squaw creek, 
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Siliceous and calcareous shales and con- 
glomerates, with Upper Carboniferous 
fauna at the base. Occurs on the Mc- 


1 river, about 20 miles north of the 
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Massive limestones and marbles of the 
McCloud river; rich in corals and 
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brachiopods. 
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Siliceous black shales of the U.S. Fisheries 
at Baird; very fossiliferous in places. 
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Sacramento river, with Devonian corals. 
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the West, which is often quite different from their range in the 
Eastern states. 

A recent paper by J. S. Diller and Charles Schuchert* makes 
the Middle Devonian age of these rocks more certain, since they 
found several of these species and others more characteristic on 
Hazel creek and Soda creek, in Shasta county. They also found 
near Gazelle, in Siskiyou county, a younger Devonian fauna, 


with only one species in common with the Shasta localities. 


The McCloud Formation. 


Occurrence and character. The McCloud formation is espe 
cially well developed in the region of the McCloud river in 
Shasta county, and from this it receives its name. The forma- 
tion consists entirely of Carboniferous strata, the Baird siliceous 
shales, overlain by the heavily bedded McCloud limestone, with 
some beds of igneous rock. The thickness is estimated at about 
2,500 feet, but this may be far from the true thickness. 

The rocks are fossiliferous from bottom to top, and the faunas 
give divisions as well characterized as those given by the litho- 
logical characters. J. S. Diller? considers the strata of the 
McCloud formation as equivalent to those of the Caribou forma- 
tion, as they certainly are in part. But the McCloud series is 
much more complete than any Carboniferous known in the Las 
sen Peak or the Taylorsville region, since the horizons of th 
Upper and the Lower Carboniferous are well defined faunally 
and stratigraphically. 

These strata were first studied by Trask* who recognized 
them as Carboniferous, and thought the limestones belonged just 


below the Coal Measures, from the evidence of fossils collected 


by him near Stillwater. He noted too that the formation extends 


from Stillwater northward across the Pitt river, on both sides of 
*“ Discovery of Devonian Rocks in California,” Am. Jour. Sci., Vol. XLVIL., 
June, 1894, pp. 416-422. 
2H. W. FAIRBANKS, Ms. 
3 Geological Atlas, U. S. Geological Survey, Lassen Peak Sheet, 1892. 


4 Report on the Geology of the Coast Mountains, 1855. 
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the McCloud, for about thirty miles above the junction of the 
two rivers. 
The Baird Shales. 


Distribution and fossils. The Baird shales consist of about 
500 feet of black metamorphic siliceous shales, in places calcare- 
ous, and occasionally sandy. At the top, too, are beds of dia- 
base and other eruptives, which, however, do not seem to make 
up any considerable thickness of the rocks. The Baird shales 
extend from near the junction of the Pitt and the McCloud 
rivers northward for about twenty miles along the McCloud, but 


they were studied by the writer only in the neighborhood of the 


U. S. Fisheries at Baird. 

The strata have a general dip to the east, but this is very 
inconstant; their strike is approximately north and south. What 
underlies them could not be made out. They are certainly 
younger than the Kennett limestones, but what the interval 
between the two formations, and whether they are conformable 
or not, could not be ascertained. They are probably overlain 
conformably by the McCloud limestone, but the contact could 
not be observed, and the diabase which separates the two divisions 
may mark an unconformity. 

Fossils were first cited from the Baird shales by Dr. C. A. 
White ;* he described from the U.S. Fisheries: Productus gigan- 
teus, Martin, which is found in America only at this locality, if ?. 
latissimus, Sowerby, cited by F. B. Meek? from Montana, should 
not prove to be a synonym, as Davidson is inclined to think it. 
Dr. White also mentions several other species : 

Productus conf. nebrascensis, Owen. 
Streptorhynchus conf, crenistria, Phillips. 
Camarophoria sp. 
Spirigera sp. 
Fenestella sp. 
Allorisma sp. 
Euomphalus sp. 
*U. S. Geol. Survey Terr., Twelfth An. Rep., Part L, p. 


Bull. U. S. Geol. Survey Terr., Vol. IL, No. 4, p. 354. 
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The first reference of the Baird shales to any definite horizon 
was made by Captain A. W. Vogdes," who cites from Baird, 
Proetus ellipticus, Meek and Worthen, which, in the Mississippi 
valley, is characteristic of the Waverly. 

Near the U. S. Fisheries at Baird the calcareous and sandy 
layers are rich in fossils, and in three days of collecting yielded 


the following fauna: 


Proetus ellipticus, Meek and Worthen. 
Nautilus sp. 
Orthoceras sp. 


Bellerophon cyrtolites, Hall. 


Bellerophon cont. galericulatus, Winchell. 
Cyclonema sp. 
Dentalium sp. 
Euomphalus conf. luxus, White. 
Loxonema conf. delphicola, Hall. 
Loxonema sp. 
Murchisonia sp. 
Pleurotomaria aft. capillaria, Conrad. 
Aviculopecten conf. affinis, Walcott. 
conf. carboniferus, Stevens. 
ee peroccidens, Walcott. 
interlineatus, Meek and Worthen. 
Crenipecten crenistriatus, Meek. 
“ winchelli, Meek. 
Pterinopecten vertumnus, Hall. 
Streblopteria similis, Walcott. 
Ictinoptera n. sp. aff. A. doydi, Hall. 
Aviculopinna 
Leptodesma conf. spinigerum, Conrad. 
conf. protextum, Conrad. 
Pinna? 
Pterinea pintoensis, Walcott. 
Macrodon hamiltone, Hall. 
i s conf. senuistriatus, Meek and Worthen. 


Nucula insularis, Walcott. 
Modiomorpha conf. desiderata, Walcott. 
Schizodus chemungensis, Hall. 
Schizodus curtiformis, Walcott. 





« Proc. California Acad. Sci., 1893, Oct. 17, 1892, and Zoe, Vol. IIIL., p. 274. 
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Schizodus deparcus, Walcott. 
pintoensis, Walcott. 

Pleurophorus meeki, Walcott. 
Astartella? 
Conocardium alternistriatum, Herrick. 

” conf. pulchellum, White and Whitfield. 
Prothyris meeki, Winchell. 
Cardiomorpha sp. 
Grammysia arcuata, Conrad. 

” Samelica, Herrick. 
Promacrus ? : 
Sanguinolites @olus, Hall. 

oe conf. clavulus, Hall. 
Sphenotus rigidus, White and Whitfield. 

conf. va/vulus, Hall. 
Edmondia medon, Walcott. 
“ sp. 

Allorisma conf. consanguinatum, Herrick. 
Allorisma conf. costatum, Meek and Worthen. 
Paleanatina conf. typa, Hall. 
Lingula mytiloides, Sowerby. 
Discina sp. 
Chonetes loganensis, Hall and Whitfield. 


Productus flemingi, var. burlingtonensis, Ha 


” giganteus, Martin. 

a nebrascensis, Owen. 

" punctatus, Martin. 

o semtreticulatus, Martin. 
- subaculeatus, Murchison. 
- sp. 


Orthis michelini, Leveille. 
Streptorhynchus crenistria, Phillips. 
Athyris hirsuta, Hall. 

“ lameltlosa, Leveille. 

” subtilita, Hall. 
Retzia radialis, Phillips. 
Spirifer centronatus, Winchell. f 

lineatus, Martin. 

“ striatus, Martin. 
Spiriferina cristata, Schlotheim. 
Camarophoria coéperensis, Shumard 


Rhynchonella thera, Walcott. 
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Terebratula hastata, Sowerby. 

Fenestella sp. 

Rhombopora sp. 

Crinoid stems. 

Clisiophyllum gabbi, Meek. 

Lithostrotion californiense, Meek. 
“ subleve, Meek. 


About nine miles north of Baird in siliceous shales on the 
McCloud river was found in addition to many of the above 
species : 

Pterinopecten n. sp. aff. P. dignatus, Hall, of the Devonian of 
New York. 

Affinities of the fauna, The list of fossils contains a total of 
84 species, of which I9 were not specifically identified. Out of 
the 65 forms specifically determined 26 occur in the Waverly 
of the Mississippi valley, although 8 of these also occur in the 
Upper Carboniferous of that region. Fifteen are known to occur 
in the Devonian of the eastern states, but of these 6 also occur 
in the Waverly; thus there are only 9 forms that in the Missis- 
sippi valley, or east of it, would be considered as decidedly 
Devonian. Thirty-six are known from the Waverly and Lower 
Carboniferous of Utah, Nevada, and New Mexico; of these 29 
correspond to forms described by Walcott from the Lower Car- 
boniferous of the Eureka district, Nevada. Three species, 
Aviculopecten carboniferus, Aviculopecten interlineatus, and Macrodon 
tenuistriatus, have been considered characteristic of Upper Car- 
boniferous. 

With this assemblage of species one would not hesitate to 
place these strata low down in the Carboniferous, but whether 
they are equivalent to the Waverly is a question not so easily 
settled. Although about one-half of the species are found in 
the Waverly, and nearly one-fourth in the Devonian of the 
Mississippi valley, 29 of these, and a large number of others as 
yet unknown in California, were found by C. D. Walcott’ in the 
Eureka district, Nevada, in strata of Lower Carboniferous age, 


* Monograph VIIL., U. S. Geol. Survey. Paleontology of the Eureka District. 
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but lying 3,000 feet above the Upper Devonian White Pine 
shale. 

We do not know the age of the rocks immediately underlying 
the Baird shales, but the siliceous shales of the Sacramento river 
lie some distance below them, and are probably in part of Car- 
boniferous age. It thus becomes probable that in California, as 
in Nevada, the Waverly fauna, with a few Devonian forms, lived 
on after the corresponding faunas had become extinct in the 
eastern region. A migration of these survivors into the Lower 
Carboniferous sea of the Mississippi valley may explain the sup- 
posed colony mentioned by C. R. Keyes" from the Burlington of 
Missouri, and observed in Arkansas by the Geological Survey of 
Arkansas.? In both places, in the midst of undoubted Lower 
Carboniferous faunas, there appears a group of fossils that, if 
found alone, would be classed as of Waverly age. They are not 
colonies in the sense in which Barrande used that word, but are 
simply migrations from one faunal region into another, due to 
shifting of physical barriers; these migrations have taken place 
during all time, and have complicated correlations, until we lose 
faith not only in the idea of synchronism as proved by fossils, 
but also in homotaxis, unless we can find the direction of the 
migration. 

In the paleontological sense the Baird shales are homotaxial 
with the Waverly, while stratigraphically they probably are not, 
but would agree more nearly in position with the higher divisions 
of the Lower Carboniferous of the Mississippi valley. 

The occurrence of Productus giganteus, Martin, in these strata 
is very interesting. This is a common Lower Carboniferous fos- 
sil in Europe, but in America is not found east of this place, 
unless P. dattssimus, Sowerby, which F. B. Meek? has cited from 
Montana, on the western slope of the Rocky Mountains, is an 
equivalent of it. This fact has been used by the writer‘ as evi- 

‘Am. Jour. Science, December, 1892, p. 447. 

*Journal of Geology, Vol. IL. p. 198. 

3 Bull. U. S. Geol. Survey Terr., Vol. I1., No. 4, p. 354. 


4Journal of Geology, Vol. IIL., p. 200. 
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dence that the European Carboniferous species found in America 
migrated through the ocean that connected on the west the 


American with the European Carboniferous waters. 


The McCloud Limestone. 

Occurrence and character. immediately above the Baird 
shales, and probably conformably with them, lies the McCloud 
limestone. This series is about 2,000 feet in thickness, uniform 
in bedding, and very siliceous in places. Some few beds are 
altered to a crystalline marble, but in the main the series is 
made up of a fine-grained hard grey limestone, which at the 
base contains few fossils besides corals, Clistophyllum gabbi, Meek, 
and Lithostrotion californiense, Meek. But towards the top the 
beds become more fossiliferous and contain a varied assemblage 
of species, which however do not rival in number those of the 
Baird shales. 

Trask! first visited this limestone at Bass’ ranch near Still- 
water, and recognized that it belonged to the Carboniferous 
formation and probably the upper division. The Geological 
Survey of California? afterwards visited the same locality and 
collected a number of fossils, that were described by F. B. Meek 
in Volume I. of the Paleontology of California. These were 
thought by Meek to indicate a horizon below the Coal Measures, 
although he leaves the question open, from the fact that many 
species that in the Mississippi valley or in Europe would be 
thought to indicate Subcarboniferous, in the West are found in 
the Upper Carboniferous. 

The McCloud limestone is first seen at Bass’ ranch near Still- 
water, south of Pitt river. Where the Pitt river cuts through 
the limestone disappears, being probably faulted out of sight, or 
as Fairbanks puts it, is ‘pinched out.”” But north of the Pitt, 
and east of the McCloud, the limestone starts up again, forming 
prominent mountains that rise 2,400 feet above the river. These 

* Report on the Geology of the Coast Mountains, 1855. 

? Geology of California, Vol. I., pp. 326-7. 


3Geology and Mineralogy of Shasta County, p. 35. 
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limestone ridges are cut through by the McCloud river about 
nine miles above the U. S. Fisheries, but continue along the 
west bank of the river about ten miles further to the north. 
After that they reappear at intervals in the same strike as far as 
the county line, getting nearer to the Sacramento river. The 
geological map of Shasta county, published by H. W. Fairbanks,’ 
shows the distribution and relations of the McCloud limestone. 
J. D. Whitney* estimates the thickness of the McCloud lime- 
stone at about 1,000 feet, and says that it lies conformably 
between metamorphic slates. H.W. Fairbanks? says that the 
thickness is nearer 2,000 feet, which agrees with the observa- 
tions of the writer. 

Fauna of the McCloud Limestone. From the locality at Bass’ 
ranch F. B. Meek, in Volume I. of the Paleontology of Cal- 
ifornia, cites the following species: 

Fusulina cylindrica, Fischer. 
= " var. gracilis, Meek. 
ss (Schwagerina) robusta, Meek. 
Lithostrotion californiense, Meek. 
“ sublaeve, Meek. 
” Sp. 
Clisiophyllum gabbi, Meek. 
Orthis conf. carbonaria, Swallow. 
Productus semtreticulatus, Martin. 
Rhynchonella sp. 
Spiriferina conf. cristata, Schlotheim. 
Spirifer lineatus, Martin. 
Retzia compressa, Meek. 
Euomphalus whitneyi, Meek. 
Several days of collecting in the region of Baird failed to 
increase this list. Taken by itself the fauna would not be 
characteristic of Upper Carboniferous, and indeed it is arbitrary 
to draw the line at the base of the limestone. Even Fusulina 
cylindrica, which in the region east of the Rocky Mountains 
* California State Mining Bureau, Eleventh Annual Report, 1893. 
?Geol. California, Vol. I., p. 326. 


3California State Mining Bureau, Eleventh Annual Report, 1893. Geology and 
Mineralogy of Shasta County, p. 36. 
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seems to be characteristic of Upper Carboniferous, in Nevada is 
found also in Lower Carboniferous. But the most decisive proof 
of the Upper Carboniferous age of these strata is their position 
so far above the Baird shales, which have been shown in this 
paper to be equivalent to the Lower Carboniferous of the Eureka 
district, Nevada, which is known to occur 3,000 feet above the 
base of the formation. 

The McCloud limestone is probably equivalent to the lime- 
stone of the Caribou" formation of Plumas county. But J. S. 
Diller? thinks that they belong to a lower horizon than that 
assigned them by the writer. The Robinson? beds of the Tay- 
lorville section are probably higher up in the section, but never- 
theless the McCloud limestone is, in part at least, equivalent to 
the Coal Measures. 

The Pitt Formation.4 

General character of the.rocks. The Pitt formation overiies 
conformably the McCloud limestone, and consists roughlv-esti- 
mated of about 3,000 feet of siliceous and calcareous shales, con- 
glomerates and tuffs. The rocks in most places are highly meta- 
morphosed, very poor in fossils, and folded to such a degree 
that the stratigraphy is obscure. The general strike is north 
and south, and the dip generally toward the east, since most of 
the folds are overthrown. 

The formation is largely developed in the region near the 
junction of the Pitt and the McCloud rivers. It contains both 
Carboniferous and Triassic rocks, in an apparently conformable 
series, both with a decisive fauna, the presence of Upper Carbon- 
iferous and Middle Trias being proved by fossils. 

The Carboniferous argillites. The oldest fossiliferous strata 
of the Pitt formation are of Upper Carboniferous age, and are 
found on the east bank of the McCloud river, about nine miles 

*U. S. Geol. Survey, Geological Atlas, Lassen Peak Sheet, 1892, J. S. Diller. 

? Bull. Geol. Soc. Am., Vol. IIL., p. 375. 

* Bull. Geol. Soc. Am., Vol. V., p. 247. 


4H. W. FAIRBANKS, Ms. 
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above Campbell’s ranch, and twenty miles above the U. S. 
Fisheries. The rock is a dark calcareous argillite, with strike a 
little west of north, and dip 30° E. This place is three miles 
east of the McCloud limestone, and considerably above it in the 
section.?. The writer did not visit this locality, but Mr. H. W. 
Fairbanks, of the State Mining Bureau, obtained the information 
given, and also collected the following fossils : 

Aviculopecten sp. 

oe aff. crenistriatus, Meek. 

Streblopteria sp. 

Conocardium sp. 

Chonetes sp. 

Productus multistriatus, Meek. 


“ muricatus, Phillips. 


” nebrascensis, Owen. 
“ semtreticulatus, Martin. 
“ subhorridus, Meek. 


Orthis michelini, Leveillé. 

Athyris subtilita, Hall. 

Retzia radia/lis, Phillips. 

Spirifer lineatus, Martin. 

Spirtferina cristata, Schlotheim. 

Rhynchonella sp. 
These beds are the probable equivalents of the Robinson beds 
of the Taylorsville region, and of the Little Grizzly creek beds, 
Plumas county,? which seem to form the top of the Carbonifer- 
ous formation. The boundary of these Carboniferous argillites 
could not be found, but they probably make up the lower 
thousand feet of the Pitt formation. 

The Triassic shales and conglomerates. Triassic fossils that 
belong to the Muschelkalk, or Middle Trias, were found in the 
siliceous shales at Silverthorn’s ferry on Pitt river, several hun- 
dred feet above the Carboniferous strata. The fossils found 
there were: 

Trachyceras whitneyi, Gabb. 
Popanoceras ? 
*H. W. FAIRBANKs, Geology and Mineralogy of Shasta County, p. 38. 


7H. W. TuRNER, American Geologist, Vol. XIIL, 1894, p- 231. 
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and one or two other ammonites that could not be determined 
generically. 

About three and a half miles from the ferry, on the road 
towards Redding, in calcareous layers in the shales were found: 

Nucula ? 

Rhynchonella sp. 

Trachyceras whitneyt, Gabb. 
About two miles south of the last named locality were found in 
very metamorphic siliceous shales, near the contact with a 
porphyritic eruptive rock, Pseudomonotis? and other indetermin- 
able fossils. 

On Squaw creek, twelve miles above Copper City, at Terrup- 
chetta (cottonwood flat), were found in a black metamorphic 
shale, apparently in the same horizon at the beds at Silverthorn’s 
ferry, Nucula sp., Spiriferina sp., and crinoid stems. This hori- 
zon is about 1,500 feet below the Upper Triassic limestone, 
which lies just to the east of Squaw creek. Near Madison's 
ranch on Squaw creek Mr. H. W. Fairbanks found in the same 
horizon Myacites conf. humboldtensis Gabb. 

Age of the Triassic slates. The age of these slates is not 
fully settled by the occurrence of Trachyceras whitneyi, for Dr. E. 
von Mojsisovics* says that this horizon belongs to the Muschel- 
kalk, an opinion concurred in by Professor Hyatt.? But in his 
later work, ‘ Arktische Triasfaunen,”3 Mojsisovics considers this 
horizon to belong to the Noric, although in this he has plainly 
confused the Trias of Taylorville, Plumas county, with that of 
the Star peak region in Nevada. It seems probable to the 
writer that both Muschelkalk and Noric strata are found in the 
Star peak region, for both TZvrachyceras whitneyi, Gabb, and T. 
homfrayi, Gabb, are found there, and in the Squaw creek region 
of Shasta county, California. But in Shasta county 7rachyceras 
homfrayit is found just at the base of the Hadodia slates, in rocks 
of undoubted Upper Triassic age, while 7rachyceras whitneyi is 

*“ Cephalopoden der Mediterranen Triasprovinz,” p. 141. 

? Bull. Geol. Soc. Am., Vol. IIL, p. 400. 


3Mem. Acad. Imper. Sc. St. Petersburg, VII. Ser., Vol. XX XIII., No. 6, p. 129. 
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found about 1,500 feet lower down, and not accompanied by any 


of the species that were found above. 

The Triassic shales cover all the region near Silverthorn’s 
ferry on Pitt river, and most of the country north of Copper 
City, on both sides of Squaw creek, and extend at least twenty 
miles to the north, but the country is nearly inaccessible, and 


almost no geological explorations have been made in it. 


The Cedar Formation. 


Distribution and character—The Cedar formation was first 
named by J. S. Diller’ to include the Upper Triassic slates and 
limestones of Indian valley, Plumas county, and Cedar creek, 
Shasta county. It therefore includes the original Trias described 
by Gabb? from ‘“ Gifford’s ranch.” 

In the Pitt river region the formation is very similar to that 
in Plumas county, being composed of finely laminated shales 
overlain by massive limestone, each rich in fossils. It seems to 
overlie conformably the siliceous shales of the Pitt formation, 
but the contact could not be observed. The Pitt shales usually 
have a different dip and strike from the overlying limestones, 
but the region is faulted and folded, and massive limestones do 
not adapt themselves to contortions so readily as thin-bedded 
shales. Certain recognizable horizons were always found at the 
same distance below the limestone, and thus the conformity 
becomes probable. 

The formation is first seen at Cedar creek, south of Pitt river, 
from which locality the formation was named. It has also been 
cited by J. S. Diller? from near Texas Springs, southwest of 
Redding. But the formation is best studied from Brock’s ranch 
on Pitt river, northward across Squaw creek, and nearly to the 
McCloud river, a distance of over twenty-five miles. It is com- 
posed of the Swearinger slates, overlain conformably by the 

‘Geological Atlas U. S. Geol. Survey, Lasson Peak Sheet, 1892, Descriptive text. 
2 Paleontology of California, Vol. I. 


3 Bull Geol. Soc. Am. Vol. IV., p- 221. 
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Hosselkus limestone. The local names given by J. S. Diller* to 
strata in Plumas county are used here because in Shasta county 
the lithology and fauna are similar. 

The Swearinger slates—The Swearinger slates consist of 
about 200 feet of thin-bedded shales, at the top becoming very 
calcareous, and at the base containing beds of tuff. There are 
two main divisions, the 7rachyceras homfrayi beds and the Ha/obia 
slates. The 7rachyceras homfrayi beds contain great numbers of 
Trachyceras homfrayi, Gabb, Lima conf. acuta, Hyatt, and a few 
specimens of Monotis subcircularts, Gabb, Pecten sp., Halobia rugosa, 
Guembel, Halobia superba, Mojsisovics, et cetera. In some tuffs 
in this series were found: Siriferina sp.,and crinoid stems. The 


fauna is similar to that of the MWonotis beds of Genessee valley, 





Plumas county, as described by Hyatt,’ and is unquestionably of 
Noric age. The genus Monotts is very rare in the Pitt region, 
although very common in the region of Taylorsville, but enough 
species were found to identify the horizon. The 7vachyceras 
homfrayt beds with some tuffs make up the lower hundred feet of 
the Swearinger slates. The upper hundred feet of this division 
is made up of the Halodia slates. These strata are very calcar- 
eous, and usually rich in fossils, although these are mostly not 
well preserved. From their nature these beds are seen only as a 
fringe along the base of cliffs of the Hosselkus limestone, and 
are usually covered with talus, so that outcrops are rare. They 
are filled with casts of Halobia superba, Mojsisovics, with also a 
few specimens of Rhynchonella sp., Polycyclus Trachyceras conf. 
ladinum, Mojsisovics, Eutomoceras, et cetera. According to 
Mojsisovics,* Halobia superba is characteristic of the lower 
Karnic, and H. rugosa of the upper Karnic, but Dr. Rothpletzs 

* Bull. Geol. Soc. Am. Vol. IIL., p. 372. 

? Bull. Geol. Soc. Am. Vol. III., p. 397. 


3The term Noric is used in this paper as it was used by Mojsisovics, and not 





Bittner. 
4Abhandl. K. K. Geol. Reichsanstalt, Wien, Bd. VII., No. 2, p. 37. 


5 Paleontographica, 39 Band, 1892, p. 91, “ Perm, Trias and Jura formation auf 


Timor.” 
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says that the Ha/odiae are not confined to such distinct hori- 
zons as Mojsisovics thought. The stratigraphic position of 
these beds is the upper Noric, where Hyatt’ placed them, while 
recognizing their transition character from the number of species 
common to them and to the Hosselkus limestone. 

A somewhat similar fauna was found by the writer at the 
Rush creek mine, Rich Gulch, Plumas county, and in a similar 
stratigraphic position. 

The Hosselkus limestone‘-—The Hosselkus limestone has the 
same distribution as the Swearinger slates, being found always 
above them. There isathickness of about 200 feet of these strata, 
of a rather uniform character. The rocks are usually siliceous, 
especially toward the top. Fossils are plentiful all through the 
strata, but are easy to get out only at the base; higher up the 
rocks are so silicified that it is almost impossible to get fossils 
out. 

The Hosselkus limestone may be conveniently divided into 
three divisions, the lowest of which is the 7rachyceras beds, so 
called from the large number of that genus found at this hurizon. 
These beds are about 50 feet thick, and are composed of rather 
hard pure limestone, made up almost entirely of fossils; a large 
majority of all the Triassic species were taken from this horizon. 
The best collecting ground was found on the ridge between 
Squaw creek and Pitt river, about three miles northeast of Madi 
son's ranch. The following fossils were collected at this locality : 

A rpadites aff. A. cinensis, Mojsisovics. 
Balatonites sp. group of B., Arietiformes. 
s oe B., Gemmati. 

Polycyclus conf, henseli, Oppel. 
Tirolites conf. foliaceus, Dittmar. 


Trachyceras conf. aon, Muenster. 


as aff. aonides, Mojsisovics. 

oe conf. archelaus, Laube. 

as aff. armatum? Muenster. 

“ conf. dadinum, Mojsisovics ? 
1 conf. Ay/actor, Dittmar. 


* Bull. Geol. Soc. Am., Vol. III. p- 390. 
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Trachyceras sp. (like 7irolites in youth). 


“ sp. (with fine costz in youth, coarse in age). 
Tropites subbullatus, Hauer. 
- sp. (with narrower coil than 7. swbdbulatus). 
ass sp. (with smooth narrow coil). 
= sp. (with rough narrow coil). 
os saturnus, Dittmar. 
= conf. janus, Dittmar. 


Sagenites conf. erinaceus, Dittmar. 

Halorites conf. ramsaueri, Gabb (not Hauer). 

Eutomoceras conf. sandlingense, Hauer. 

Eutomoceras, sp. 

Acrochordiceras sp. 

Ptychites ? 

Nannites conf. spurius, Muenster. 

Lecanites sp. ? 

Arcestes conf. californicus, Hyatt. 

Sageceras or Beneckeia ? 

Nautilus triadicus, Mojsisovics. 
oe Sp. 

Orthoceras sp.? 

Atractites sp. 

Audlacoceras sp. 

Pe fen sp. 

Gervillia sp. 

Halobia superba, Mojsisovics. 

Posidonomya conf. wengensis, Wissmann 

Modiola sp. 

Capulus sp. 

Natica sp. 

Rynchonella conf. solitaria, Hyatt. 

Terebratula sp. 


About six mileS north of the last named locality, at Terrup- 
chetta on Squaw creek, the 7rachyceras bed is well exposed, and 
many fossils were collected from this horizon, including most of 
the forms found at Madison’s, and in addition a Nautilus with 
two sharp angles on the external sides like Nautilus galeatus, 
Mojsisovics, of the zone of Zrachyceras aonotdes, of the Karnic. 

The Atractites beds —These beds form the middle division 
of the Hosselkus limestone ; they are very hard and siliceous, 
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and while fossils are very numerous it is almost impossible to get 
out good specimens. The thickness of these beds is about 100 
feet, but this is often seemingly increased by faulting. The rock 
is cut through in several directions by joints, and the weathering 
of the strata along these lines of weakness has given a rugged 
outline to the ridges, of which the Atractites beds usually form 
the top. 
At the locality three miles northeast of Madison’s ranch the 

following fossils were collected from this horizon: 

Polycyclus conf, henseli, Oppel. 

Trachyceras (like Tirolites in youth). 


“ conf. aon, Muenster. 
Tropites subbullatus, Hauer. 
‘* sp. (with narower coil). 


es sp. (with high ribbed whorl). 
“ saturnus, Dittmar. 
Halorites conf. ramsaueri, Gabb. 
Eutomoceras sandlengense, Hauer. 
Eutomoceras, sp. 
Acrochordiceras sp. 
Lecanites sp. 
Arcestes sp. 
Nautilus triadicus, Mojsisovics. 
Orthoceras ? 
Atractites (very common). 
A ulacoceras sp. (rare). 
Gervillia sp. 
Modiola sp. 
Margarita sp. 
Natica sp. 
Rhynchonella conf. solitaria, Hyatt 
Nothosaurus sp. ? 

The bones referred to Nothosaurus consist of a portion of the 
backbone about thirteen inches in length, together with several 
ribs, and fragments of other bones. Most of the species were 
found in much greater numbers and better preservation in the 
underlying 7rachyceras beds, so that there is no great faunal dis- 
tinction between the two horizons. 

The Spiriferina beds —These beds are made up of about 50 
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feet of limestone like that of the Afvacttes beds, but harder and 
more siliceous. They contain numerous fossils, especially brach- 
iopods, which, however, cannot be got out without dissolving 
the matrix. The most common fossil is a Spiriferina, or more 
probably, two species of this genus. Besides these are found: 

Rhynchonella conf. solitaria, Hyatt. 

Terebratula sp. 

Trachyceras sp. 

Modiola sp. 

Gervillia sp. 

Pentacrinus sp. 

Cidaris sp. 

Relations of the fauna of the Hosselkus limestone —The fauna 
of the lower part of the Hosselkus limestone is undoubtedly 
that of the zone of Tropites subbullatus and Trachyceras aon of 
the Tyrolean Alps, that is of the lower Karnic. Several species 
are identical in the two regions, and many others very closely 
related. More than this, the stage of development of the ammon- 
ites is identical, which is quite as good a proof of similarity in hori- 
zon as identity of species. 

The fauna of the underlying Ha/odia slates has long been 
recognized as of Noric age, and Mojsisovics’ is inclined to make 
the Pseudomonotis beds of the same age on both sides of the Pacific 
ocean. 

The upper part of the Hosselkus limestone may correspond 
to the Raibler beds of the Tyrol, as described by Dr. S. von 
Wéhrmann?; no species common to the two were found, but the 
poverty in cephalopods, and greater number of brachiopods and 
lamellibranchs are characteristic of these horizons. 


GEOGRAPHIC PROVINCES IN TRIASSIC TIME. 

Of late years there has arisen much doubt as to the validity 
of the Juva and the Mediterranean Triassic provinces of Mojsis- 
ovics ; but until recently the Arctic-Pacific Triassic province has 
gone unquestioned. 


*“ Arktische Triasfaunen,” p. 149. 


?Jahrbuch K. K. Geol. Reichsanstalt, Wien, 39 Band, 1889, pp. 181-258. 
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The Arctic-Pacific province was described by Mojsisovics* as 
including the Trias of Siberia, Spitzbergen, Japan, western 
North America, Peru, New Zealand, and New Caledonia. This 
province was characterized by the fact that in it in Lower and 
Middle Trias there were known no 7iroliting, but many Dinar- 
iting, and by having during the two lower divisions a more or 
less close faunal connection with the Mediterranean province. 
In the Upper Trias, however, the Mediterranean elements have 
disappeared, and a strong influx of Juva types has taken place. 
The region was further thought to be characterized by the 
presence of Popanoceras even as high as Middle Trias, and by 
the prevalence of Pseudomonotis to the exclusion of Monotts. 

But very recently A. Rothpletz? has shown that on Timor, 





right in the midst of the Arctic-Pacific region, in the Indian 
ocean, there occurs a Triassic fauna of genuine Alpine habitus, 
with several Tyrolean species. Of these, Halobia lommelt and 
Monotis salinaria also occur in North America. The Tyrolean 
species therefore had a path of migration directly through the 
supposed Arctic-Pacific Trias region. 

While the Upper Trias of California shows an unmistakable 
preponderance of Juva elements, such as Tropites subbullatus, 
other members of the 7ropittde, Halobia superba and others, still 
there is also a considerable admixture of Mediterranean types, 
identical with, or nearly related to species of southern Tyrol. If, 
then, there really existed in Triassic times a division into the 
Juva and the Mediterranean regions, we have an extension of 
their waters uniting in America, and thus a commingling of the two 
faunas. But recently Mojsisovics? himself has given up his two 
provinces, and acknowledged that the differences were due to 


corresponding beds being unfossiliferous in the two regions. 


"Mem. Acad. Impér. Sc., St. Petersbourg, VII. Series, Tome 36, No. 5. “ Arktische 


Triasfaunen,” pp. 143-155. 
* Palaeontographica 39 Band, 1892, “ Perm Trias and Juraformation auf Timor 
und Rotti,” pp. 90-91. 


3 Sitzungsb. K. Akad. Wissenschaften Wien., CI. Band; VIII. Heft 1892, pp- 


769-750. 
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Professor W. Waagen’ has also shown that the Alpine and the 
Himalayan Trias are similar, but that the Salt Range Trias 
belongs to the Arctic province. We have, then, in California a 
prolongation of the Alpine Trias province through the Himalaya 
region. The fossils of the Trias in British Columbia, described 
by J. F. Whiteaves,? look quite different from those known in 
California, but it is as yet impossible to say whether this differ- 
ence is due to geographical separation, to climatic differences, 


or to difference in geological horizon. 
THE BEND FORMATION. 


The Bend formation was named by J. S. Diller? to include all 
the Jurassic deposits of the region of the Big Bend of Pitt river. 


In a later publication Mr. Diller*+ says that the Pitt river Jura 





corresponds to the Mormon sandstone, Middle Jura, of the 
Taylorsville region. About six miles west of Big Bend, in Big 
canyon, H. W. Fairbanks’ discovered fossils in shaly limestones 
which, on examination by the writer, proved to be Jurassic and 
probably equivalent to the Hardgrave sandstone, Lower Jura, of 
Indian valley. The writer afterwards visited this locality and 
found the fossiliferous beds in place, in the bottom of the 


canyon. The joint collections yielded: 


Montlivaultia sp. ecten sp. 
Pholadomya nevadana, Gabb. Gryphaea sp. 
Entolium meeki, Hyatt. Lima sp. 


About nine miles west of Big canyon, on the east branch of 
Squaw creek, near the house of John Miles, the writer found in 
1893 a shaly limestone with a few fossils that seem to belong to 
the Jura. Among these were some small gasteropods, a Pecten 

‘Jahrbuch K. K. Geol. Reichsanstalt Wien., 42 Band, 1892, pp. 384-385. 

2 Geol. Survey Canada, Contributions to Canadian Palaeontology, Vol. I. Part II. 
pp. 127-149. 

3U. S. Geol. Survey, Geol. Atlas, Lassen Peak Sheet, 1892, J. S. Diller. 

4 Bull. Geol. Soc. Am. Vol. IV. 1893, p. 221. 


5 Eleventh Rep. California Min. Bu. 1893, Geology and Mineralogy of Shasta 







County, p- 29. 
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of unmistakable Jurassic habitus, and Pentacrinus, which was 
quite common. 

These beds lie at no great distance above the Triassic lime 
stone of Squaw creek, and thus belong to the Jura, and probably 
the Lias. 

THE JURA-CRETACEOUS UNCONFORMITY. 

As has been shown by J. S. Diller in his various publications 
on northern California, the Cretaceous lies always unconformably 
upon the eroded edges of the metamorphic rocks of the Klamath 
mountains, sometimes upon older and scmetimes upon younger 
strata, but always with a sharp line of erosion between the two 
series. The metamorphism of the older rocks took place in late 
Jurassic time and has not affected the Cretaceous. 

It therefore becomes probable that the Klamath mountains, 
the Coast Range, and the Sierra Nevada are in reality parts of one 
great mountain system in which the main uplift and metamorph- 
ism of the strata took place before Cretaceous time. The Klam- 
ath mountains have been partly submerged during the Cretaceous 
and Eocene the Coast Range partly submerged during both 
Cretaceous and entire Tertiary times, while the Sierra Nevada has 
kept above the sea ever since its original uplift, and has only on 
its western flank slightly tilted deposits of Cretaceous and Eocene 
age. JAMES PERRIN SMITH. 
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SUPERGLACIAL DRIFT. 
I. ALPINE GLACIERS. 


Lateral moraines.—On the surface of alpine glaciers, there is 
sometimes an abundance of stony material which takes the form 
of lateral moraines. The material composing these moraines is 
derived principally from the slopes above the ice. In its acquisi- 
tion, the ice is for the most part passive. Alpine glaciers occupy 
the bottoms of valleys. So far as general topography is con- 
cerned, the valley in which a glacier lies may be said to have an 
ice bottom. From the slopes of the ice-bottomed valley, rock 
masses, large and small, descend. They may be loosened by 
the expansion and contraction due to rapid changes of tempera- 
ture, by the wedge-work of ice forming in the crevices of the 
rock, or by the growth of roots in the same position. Once 
loosened, the blocks of rock begin their journey of descent. 
This may be accomplished rapidly or slowly, depending upon 
the steepness of the slopes, and other local conditions. Descend- 
ing the slopes, the loose masses of rock may reach the bottom 
of the valley, that is, the surface of the glacier. Avalanches 
which sometimes descend the steep slopes of valleys, are likely 
to carry down considerable quantities of stony or earthy material. 
Where avalanches reach the surface of glaciers, the stony material 
they bear is deposited on the glacier near its lateral margin. A 
similar result may be effected by landslides. Locally the amount 
of material carried down by avalanches and landslides may be con- 
siderable but on the whole it is not great. The occasional 
torrents which come into existence during rain storms, or during 
the season when the snow of the higher mountains is being 
rapidly melted, descending from the slopes above to the ice 
below, carry larger or smaller quantities of rock material. 
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By any or all of these processes, stony or earthy material may 
descend into a valley which has no lgacier. It may there accu- 
mulate at the base of the slope, or it may be carried away by 
waters coursing through the valley. It may descend into a 
glacier valley below the end of the ice, when its fate is the same. 
If it descend into a valley above, but near the end of a glacier, 
it may fail to reach the surface of the ice, since near the lower 
end of a glacier, where melting is rapid, the ice often fails to fit 
snugly against the bounding slopes of rock. Under these cir- 
cumstances, material descending from the slopes above is liable 
to fall between the glacier and the valley wall. It is only where 
the glacier fits snugly against the sides of its valley, that material 
descending from the slopes can reach its surface so as to con- 
tribute to a lateral moraine. In general, an alpine glacier fits 
snugly against its valley walls in its upper stretches only, and it 
is here, therefore, that lateral moraine material is most likely to 
be acquired in quantity, by the processes indicated. 

It will be readily seen that steep slopes above the surface of 
a glacier favor the accumulation of moraine débris upon it. 
While expansion and contraction due to changes of temperature, 
and while freezing of water in rock crevices, need not be more 
effective on steep slopes than on gentle ones at the outset, 
material once loosened will be much more likely to travel down 
steep slopes than down gentle ones. Steep slopes, therefore, 
will be more likely to lose such incoherent material as develops 
upon them, and so be kept bare, while the gentler slopes will be 
more likely to retain the disrupted and disintegrated material to 
which they have given rise. On the gentler slopes, therefore, 
the rock surface will ultimately come to be protected against 
changes of temperature and other disrupting surface influences, 
by its mantle of unremoved débris. Thus it comes about that in 
the long course of time steep slopes above glaciers will contrib- 
ute much more débris, than gentle ones for the making of lat- 


eral moraines. 


Beyond a certain point, steepness of slope would not in all 


ways favor the development of lateral moraines. Beyond a 
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certain point, steepness of slope does not favor avalanches, since 
snow and ice cannot accumulate in sufficient quantity to produce 
avalanches on slopes of too high gradient. The degree of slope 
would affect landslides in a similar way. If a slope be too steep 
there can be no slide of loose rock and earthy material, since 
such materials cannot accumulate in sufficient quantity to give 
rise to a slide. Since landslides and avalanches are at best no 
more than subordinate sources of lateral moraine material, lateral 
moraines are most likely to be well developed on those glaciers 
which are bounded by high mountains with steep slopes. 
All the drift which gains a superglacial position by any of the 
processes thus far mentioned, is superglacial from the beginning 
of its association with the ice. 

It is possible that lateral moraine material may reach its 
position by another process. Where the bed of the ice is rough, 
it may chance that the lateral portion of the glacier passes over 
roughnesses of bed of considerable extent. If the lateral margin 
of the ice passes over elevations which project up into it nearly 
to its surface, those parts of the ice which pass around any given 
elevation will presently come together below the same, carrying 
with them some material from its slopes. Likewise the ice which 
passes over the summit of the rock prominence may have worn 
or torn away more or less rock material from its surface. Such 
material is at first subglacial, with reference to the ice which 
removes it, but it quickly becomes englacial as the ice moves on, 
Some of it may be near the upper surface of the ice, after the ice has 
united below the obstruction. Further down the valley, as a result 
of melting, the ice surface may be brought down to the level of this 
englacial material. When this happens, the englacial material 
becomes superglacial. This superglacial material which has 
passed through an englacial history may be an additional source 
of lateral moraine material. Not all superglacial material 
derived in this manner could enter into a lateral moraine. Only 
those portions which reach the surface of a glacier near its mar- 
gins would be so available. It is possible that, above the differ- 


entiated alpine glacier, the ice of the snow-field may have passed 

















616 THE JOURNAL OF GEOLOGY. 


over roughnesses of bed in such relations that englacial material 
there acquired may subsequently reach the surface of the ice in 
such a position as to be added to the lateral moraine material 
accumulated from above. This however is probably not an abun- 
dant source of lateral moraine material. 

From the foregoing it will be seen that lateral moraine 
material belongs to two distinct classes. The first class, that 
descending from the mountain slopes above the surface of the 
ice, is strictly superglacial. This at least is true of all that por- 
tion of it which reaches the surface of the ice below the zone of 
accumulation. That which reaches it within the zone of accu- 
mulation may be temporarily buried by the snow of successive 
winters, until the ice which carries it passes from the zone of 
accumulation to the zone of wastage. While such material may 
have a brief englacial history, it still belongs, to all intents and 
purposes, with the first class of superglacial material. The second 
class, that which was taken from the summits of prominences 
which reached well up into the body of the ice, was at first sub- 
glacial, but quickly became englacial as the ice closed together 
beyond the prominence which gave rise to it. After a longer or 
shorter englacial journey, it became superglacial, as the result of 
surface ablation. Since the subglacial journey of such material 
was exceedingly brief in most cases, and the englacial and super- 
glacial journeys doubtless much longer, it may be called englacial- 
superglacial drift. Englacial-superglacial bowlders should differ 
from bowlders which have been superglacial throughout their 
history, in that the former should show more evidence of wear. 
This might be inflicted both during their brief subglacial journey, 
and during their more protracted englacial history. 

Medial moraines —Wherever two mountain glaciers bearing 
lateral moraines unite, the lateral moraines belonging to the 
two margins which coalesce give rise to a medial moraine. Such 
a medial moraine is no more than two lateral moraines joined 
together. The derivation of the medial moraine material is 
therefore essentially the same as the derivation of the lateral 


moraine material. 
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It sometimes happens that there are considerable hills ina 
glacier’s bed which the ice is unable to surmount, and it flows 
around them. Temporarily, an ice stream may be said to be 
divided into two by each prominence of this sort. These two 
streams unite below the rock prominence. If the rock promi- 
nence be high and steep, it may yield earthy and stony material 
to the surface of the ice on either hand, just as the slopes above 
an ordinary alpine glacier give rise to lateral moraine material. 
Such a boss of rock protruding through the ice may give rise to 
two lateral moraines, one on either side. These preserve their 
distinctness around the projecting hill. But where the ice 
streams on either hand coalesce below the prominence, the two 
lateral moraines unite and become a medial moraine. In sucha 
case the ice passes over the lower slopes of the prominence which 
it surrounds. When the ice has closed round such a prominence, 
healing the wound which it made, some of the material plucked 
from the slopes of the hill below the surface of the ice, will be 
found in the ice above its base, that is in englacial position. 
Some of it may be very near the upper surface of the ice, and 
some of it will be at lower levels. As the ice passes on down 
the valley, its surface is subjected to rapid melting. When the 
uppermost twenty feet of the ice have been melted, all the 
material which was englacial in this part of the ice will have 
arrived at the surface, not because it was carried up to the sur- 
face, but because the surface was carried down to it. It will be 
seen that the greater the surface melting, the greater the amount 
of englacial material which will become superglacial, as the 
result of ablation. This superglacial material with an englacial 
history will first make its appearance along the line of the medial 
moraine which has been formed by the union of the two lateral 
moraines, since it is the ice along this line which, at the outset, 
carries englacial material nearest the surface. With surface 
melting, therefore, the medial moraine composed of superglacial 
drift and formed by the union of the two lateral moraines, will be 
augmented by the addition of englacial-superglacial drift. The 


effect will be to widen the medial moraine, as well as to increase 
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its total volume, and this effect will be progressive with increas- 
ing distance from the hill which was the occasion of the 
whole phenomenon under consideration. 

In many cases there are bosses of rock in the path of a 
glacier which the ice is able to override. They yield material 
to the bottom of that part of the ice which passes over them, but 
it is to be remembered that the bottom of the ice which passes 
over them may be near the surface of th¢ glacier. When the ice 
has passed the prominence, the material which was borne from its 
top may find itself in an englacial position, and may be far above 
the bottom of the transporting ice. Subsequently, surface melting 
may bring the surface of the glacier down to its level. Such 
englacial material then becomes superglacial, and has the general 
position of a medial moraine. It would be, in fact, a medial 
moraine made up wholly of englacial-superglacial débris and 
not produced by the union of lateral moraines. 

A lateral or medial moraine is likely to lose its distinctness 
as the end of the glacier is approached. Where such a moraine 
has sufficient body, it protects the ice beneath from melting. 
The ice beneath therefore assumes the form of a ridge, which is 
drift covered. Under these circumstances, the drift tends to 
slide down the sides of this ice-ridge. In time the drift may 
spread itself somewhat widely over a glacier sometimes even 
covering its whole surface, near its lower end. 

The percentage of englacial material which will ultimately 
become superglacial is believed to depend upon its position in 
the ice, and upon the relative rates of surface and basal melting. 
If surface and basal melting be equal, the material of the upper 
half of the ice will ultimately come to be superglacial. If the 
rate of melting at the upper surface of the ice be greater than 
that at the lower, the englacial material carried by something 
more than the upper half of the ice will ultimately become 
superglacial, as the result of surface melting. 

It is a mooted question whether glacial motion is of such a 
nature as to allow the transfer of material from the base of a 


glacier to its surface. It is often urged that drift may be transferred 
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srom a basal to a superficial position, without actually rising. 
In a mountain glacier, the bed of which is steeply inclined, basal 
drift would reach the upper surface of the ice if it were carried 
forward horizontally, or even if its forward path of motion 
declined at any rate less than that of the bed of the glacier. It 
has frequently been argued that this is the actual condition of 
things. While this conception does not involve a rise of mate- 
rial in terms of absolute altitude, it involves the rise of material 
through the ice which embeds it, or the rise of ice which embeds 
drift through that which surrounds it. That basal drift may rise 
through its embedding ice, or that ice embedding drift may rise 
through other ice in any such way as would be necessary to 
bring basal drift to the surface, has not been demonstrated. 
That stony material may be crowded up some slight distance 
into the ice from below by the help of other material beneath 
the ice, is readily understood, but in the present state of knowl- 
edge there is little warrant for counting upon the rise of material 
from the bottom of a glacier to its surface. If such rise were a gen- 
eral fact, there should be much more evidence of wear upon super- 
glacial boulders than has yet been found. Indeed, the total absence 
from most Alpine glaciers of surface boulders showing any trace 
whatsoever of glaciation, seems to go far toward settling in the 
negative the question of the rise of basal drift through the ice. 

The material which was superglacial at the outset would be 
likely to remain superglacial to the end, unless it fell into cre- 
vasses, or unless some other untoward accident befell it. The 
englacial-superglacial material must likewise have remained at 
the surface after once reaching it, unless it suffered some acci- 
dental fate. 

Broadly speaking, the oldest ice of a glacier is at its lower 
end. Since the lower end of a glacier has had a longer time 
than any other part in which to gather superglacial material, and 
since surface melting has here been greatest, making possible the 
transfer of more drift from an englacial to a superglacial posi- 
tion at this point than elsewhere, it follows that the lower end of 


a glacier is likely to have more superglacial drift than any 
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other part. Wherever it has not, it is because local condi- 
tions, such as extensive crevassing, have prevented its retention 
at the surface. 

Superglacial drift of colian origin—Another sort of super- 
glacial material sometimes arises through the agency of the 
wind. As glaciers advance into regions which are free from 
snow and ice, they advance into regions whence dust and sand 
may be blown upon them. Once lodged upon the ice, dust is 
not likely to be carried farther by the wind, since there is suf- 
ficient moisture to hold it. Once moistened, too, it is likely to 
freeze to the surface of the ice. Such dust is liable to removal 
by superglacial waters. If it escapes them, it is likely to remain 
upon the ice so long as the latter remains unmelted. It is believed 
that considerable quantities of dust reach the surface of existing 
glaciers in this way. Such dust as is blown upon the surface 
of the ice, within the zone of wastage, is superglacial from the 
beginning. 

This process of dust accumulation goes on most actively near 
the ends of glaciers, since the surroundings here are best adapted 
to furnishing the dust. But the same process must go on to 


ground of 


5 


some slight extent throughout the whole gathering 
existing glaciers. As the snow accumulates year by year, it 
contains a modicum of dust blown upon the snow-field. This 
dust becomes englacial. The embedding snow is presently con- 
verted into ice. As the ice moves toward the end of the glacier, 
passing from the zone of accumulation to the zone of wastage, 
its surface melts, and the dust contained in the part which is 
melted, appears at the surface. Some of it is doubtless washed 
away by the superglacial drainage resulting from rain and from 
surface ablation. Such as escapes this fate may remain upon the 
surface of the ice. The amount of dust which shows itself on the 
surface of a snow-field at the end of a melting season is some- 
times considerable. As seenin section ina snow-field, the snow- 
falls of successive winters are seen to be clearly defined by the 
presence of these bands of earthy matter (“dirty ice’’) between 


them; these bands indicate the condition in which the surface of 
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the snow found itself at the close of the successive seasons of 
melting. A small amount of dust descends from the atmosphere 
with the snow when it falls. As the snow and ice melt, this is 
set free, and, in its proper measure, swells the amount of dust 
which gathers upon the surface in other ways. 

Surface melting has been greater at the end of a glacier 
than at any point above. If it has not been washed away, there- 
fore, the amount of dust which has passed from an englacial to 
a superglacial position, as the result of surface melting, must be 
greatest at the end of the glacier. Since the amount of wind- 
borne superglacial dust which has had no englacial history is also 
greatest here, it follows that the total amount of superglacial 
dust which has come through the atmosphere, must be greatest 
near the ends of glaciers, unless conditions have prevented its 
preservation. The dust is most likely to remain where the sur- 
face of the ice is smoothest, and where there is little surface 
drainage. Material blown upon the ice is much finer than most 


of that which descends from the slopes above. 


2. PIEDMONT GLACIERS. 


Piedmont glaciers owe their origin to the fusion or coalescence 
of several alpine glaciers. All the material which was on the 
surface of the alpine glaciers which unite to make a piedmont 
glacier, will be at the surface of the latter from the beginning. 
All the englacial material which was carried by the contributing 
alpine glaciers in their upper parts will become superglacial on 
the piedmont glacier, so soon as surface melting has brought the 
surface down to its horizon. Since the only piedmont glaciers 
concerning which we have knowledge have little motion, surface 
melting must greatly predominate over basal melting, and the 
proportion of englacial drift which becomes superglacial must 
therefore be great. On the Malaspina’ glacier, which stands as 
our representative of piedmont glaciers, superglacial drift is most 
abundant near the edge, where surface ablation has been greatest. 

* Russell, expedition to Mt. Saint Elias. National Geographical Magazine, vol. III. 
pp. 53-204, also JOURNAL OF GEOLOGY, vol. I., No. 3, 1893. 














622 THE JOURNAL OF GEOLOGY. 


At and near the centre, superglacial material is not abundant, 
because melting has not there been sufficient to carry the surface 
of the ice below the horizon of abundant englacial detritus. 
Wind-borne fine material might reach the surface of piedmont 
glaciers in the same way that it reaches the surface of alpine 


glaciers. 
3. THe ContrinentaL ICE-SHEETS. 


1. Lateral moraines. Wherever the edge of the continental 
ice-sheet found itself in a region of strong relief, ice-tongues 
thrust themselves forward into valleys beyond the main body of 
the ice. In very many respects such tongues of ice corre- 
sponded to alpine glaciers. Upon their surfaces lateral moraines 
may have accumulated just as in the case of mountain glaciers 
today. But the country invaded by the continental ice-sheet of 
North America was, for the most part, not mountainous. Mar- 
ginal glaciers of the alpine type must have been restricted to 
those parts of the ice-sheet which invaded mountain regions, or 
at any rate to areas of marked relief. As the ice-sheet advanced 
and thickened, it presently covered the elevations which had 
earlier occasioned the lobation of its edge. So soon as it covered 
an elevation, this elevation ceased to give immediate origin to 
lateral moraines. Since on the whole the relief of the country 
covered by the North American ice-sheet was not great, there 
was little chance for the development of extensive lateral 
moraines upon it. While they doubtless existed on the alpine- 
glacier-like lobes of the ice-sheet’s edge in regions of strong 
relief, they could have existed for considerable distances back 
from the margin in but few localities. As the ice invaded regions 
of slight relief, such as the larger part of the Mississippi basin, 
it could have acquired little superglacial material. No more 
than miniature lateral moraines could have come into existence. 
The same conditions which forbade the development of extensive 
lateral moraines on the continental ice-sheet, gave the ice little 
opportunity to acquire englacial material which could subse- 


quently become superglacial by surface melting. 
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As the ice of the continental glacier closed round nunataks, 
the lateral moraines which had come into existence became 
medial; but medial moraines, arising by the coalescence of 
lateral moraines, could not have been more extensive than the 
latter. After the ice overtopped the nunataks which gave rise 
to lateral moraines, these same elevations might still yield en- 
glacial material to the over-riding ice. Later, part of this en- 
glacial material, perhaps became superglacial, by having the sur- 
face of the ice brought down to its horizon as the result of surface 
ablation. On reaching the surface, this material might assume the 
form of a medial moraine, as in alpine glaciers. As on mountain 
glaciers, lateral or medial moraines on a continental ice-sheet 
might readily lose their distinctive character during the melting 
of the surface ice. As in the case of alpine glaciers, the pro- 
portion of englacial material in a continental ice-sheet which 
must become superglacial as the result of surface melting would 
depend, 1), upon the position of the englacial material in the 
ice; and, 2), upon the relative rates of basal and _ super- 
ficial melting. The higher the elevations from which the engla- 
cial material was derived, the nearer will it be to the upper 
surface of the ice at the beginning of its history. The nearer it 
is to the upper surface of the ice, the better its chance of becom- 
ing superglacial. The amount of englacial-superglacial material 
would therefore be greatest in a region of strong relief, and 
especially in a country where the relief was great, relative to the 
thickness of the ice. A region of 2,000 feet relief, beneath an 
ice-sheet 5,000 feet thick, might yield little englacial material 
which would ultimately become superglacial. If the ice over 
the same region were but 2,500 feet thick, a much larger pro- 
portion of its englacial drift would be likely to reach the surface 
of the ice. Since the ice-sheet was always thinnest at its mar- 
gin, the relief of any given region was always greater, relative to 
the thickness of the overlying ice, when the marginal part of the 
ice overlay it, than at any other time. Advance of the ice means 
the thickening of the ice at all points back of the margin. With 


increasing thickness of the ice, a less and less proportion of the 
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englacial material derived from any given elevation would stand 
a chance of becoming superglacial, because there must be pro- 
gressively more and more surface-melting, in order to bring the 
uppermost portion of the englacial material to the surface. 
Meanwhile basal melting has been going on, and will have 
brought some of the englacial material to the bottom of the ice, 
that is, to a subglacial position. Because of its thinness, there- 
fore, the marginal part of the ice-sheet was likely to secure more 
englacial material capable of becoming superglacial, than any 
other part. 

The ratio of surface melting to basal melting is probably 
greater at the margin of the ice than elsewhere, so that the 
upper surface of the ice is here lowered more rapidly than else- 
where. It follows that, as a result of surface melting, a greater 
proportion of the englacial material acquired by the margin of 
the ice would be likely to become superglacial, than of that 
acquired by any other part. Considered from the standpoint of 
the ice, there are, therefore, two reasons why the marginal part of 
an ice-sheet should possess more englacial-superglacial drift than 
any other part. 

There is another set of reasons why superglacial material, 
derived from an englacial source, must be more abundant near 
the margin of the ice than elsewhere. They relate to the surface 
over which the ice passes. The passage of glacial ice over a 
region of rough topography tends to smooth it. It is when the 
ice first invades a region that its topography is roughest. Later, 
after the passage of much ice, the rugosities of surface have 
been reduced, and from the smoother surface the ice is able to get 
less detritus. Furthermore, quite apart from considerations of 
topography, it is when the ice first invades a region that there is 
most loose surface material in a condition to be removed. Later, 
after longer passage of the ice the materials antecedently 
loosened by surface agencies have been taken away, and any 
further acquisition the ice may make must be made from the more 
solid rock beneath. Considered from the standpoint of the sur- 


face over which the ice passed therefore there are two valid rea- 
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sons for believing that the marginal part of an advancing ice- 
sheet is more favorably situated for acquiring englacial material 
than any other. If the marginal part of an advancing ice-sheet 
acquired more englacial material than any other part, and if a 
larger proportion of that which it acquired became superglacial, 
it will be seen that this part of the ice had great advantage over 
other parts in the matter of superglacial drift. Apart from all 
considerations of topography, surface material, thinness of ice, 
and rate of surface melting, an advancing ice margin has an 
advantage over a receding margin in the acquisition of material, 
because of its greater vigor of movement. 

Not only must englacial-superglacial material be most abun- 
dant at and near the margin of the ice, but, under most condi- 
tions, it must be more abundant at the margin of an ice-sheet 
during its earliest advance than at any other time, since it is the 
first advancing margin which in general finds the roughest topog- 
raphy, and the most loose material ready for removal. A quali- 
fication to the first part of this statement, and a partial excep- 
tion to the last, should be stated. If the interval since the 
ice has retreated froma given region be long, a rough topography 
may have been developed since the earlier passage of the ice. In 
this event, the first advancing margin might have no advantage 
over the second in securing englacial drift which may become 
superglacial. When the ice re-advances over a surface from 
which it has receded, it may find a large supply of loose material 
in the form of drift, ready for removal. 

In summation it may be said that the advancing margin of 
a continental ice-sheet must have been more abundantly supplied 
with superglacial material than the receding, because (1) the 
motion was more vigorous, favoring the acquisition of more 
englacial material capable of becoming superglacial; (2) the 
surface over which the advancing margin spread was, on the 
whole, better supplied with material which might become super- 
glacial, either directly or indirectly; (3) the topography of the 
country as the ice invaded it, was such as to allow it to acquire 


material more readily than at any other time. The first of 
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these conditions applies with equal force to a first or a later ice 
advance. The second and third apply with greater force to the 
first advance of the ice, unless the interval between the first and 
second was sufficiently long to develop a rough and essentially 
non-glaciated topography. The conditions most favorable for 
the acquisition of superglacial material are, (1) a rough country, 
with (2) much loose material upon its surface, affected (3) by 
an advancing ice margin. Whenever the edge of the ice was 
stationary, the elevations which were yielding superglacial 


material, or englacial material which stood a chance of becoming 


superglacial, were elevations which had already been worked 


over by the advancing ice, so that they were less productive than 
when the ice first reached them. When the ice was retreating, 
its surface would have had still less superglacial material than 
when stationary. 

As noted in connection with alpine glaciers, the drift which 
has been superglacial from the outset should differ from the 
englacial-superglacial drift by showing less wear. The difference 
might be great or slight, depending in part upon the duration of 
the englacial history of the englacial-superglacial drift. 

From what has been said it is clear that the englacial-super- 
glacial drift acquired by the thin margin of an advancing ice- 
sheet had a shorter englacial history than that acquired by any 
other part of the ice-sheet. It should, therefore, show less wear 
than the corresponding drift picked up by the ice back from the 
margin. The amount of material which was superglacial from 
the outset must also have been greatest at the margin of the ice 
during its advance, and this had little or no opportunity of 
suffering wear. The aggregate of superglacial drift at the mar- 
gin of an advancing ice-sheet must, therefore, be much more free 
from wear than that of any part of the ice back from the mar- 
gin. Since the superglacial drift of a receding ice margin may 
be mainly or wholly englacial-superglacial, and since it may 
have been mainly or wholly acquired by ice of considerable 
thickness, attaining its superior position only after a long engla- 


cial course, it follows that the surface drift of an advancing ice 
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margin must be more free from wear than that of a receding 
margin. 

There must have been another difference between the super- 
glacial drift acquired by an advancing ice margin, and that 
acquired by other parts of the ice. The advancing margin of an 
ice-sheet invades territory the surface of which is likely to be 
provided with the products of decomposition. It is these prod- 
ucts of decomposition which in considerable part enter into the 
composition of the superglacial drift, and into the composition 
of the englacial drift which is shortly to become superglacial. 
It follows that the superglacial and englacial-superglacial drift of 
an advancing ice margin is made up more largely of the products 
of rock disintegration than the surface drift of any other part of 
the ice. The drift of a stationary or receding margin constitutes 
no exception to this general statement, since, as already noted, 
much of it was originally acquired some distance back from the 
margin, and from surfaces over which much ice had passed, and 
from which, therefore, the disintegrated products had been 
earlier removed. 

It should be further noted that it is not merely an advancing 
ice-sheet, the superglacial drift of which is largely disintegrated 
and oxidized, but an advancing margin which is invading terri- 
tory hitherto unglaciated, or unglaciated for a long period of 
time. During the forward phase of an oscillatory movement, the 
edge of the ice may be moving over territory which had been 
but recently abandoned, and which might therefore be free from 
the products of rock disintegration. 

Dust might be blown upon an ice-sheet as upon an alpine 
glacier, but the thickness which it might attain on the former is 
far greater than on the latter. The ice of a continental glacier 
is much thicker than the ice of a mountain glacier. It has been 
much longer in process of accumulation, and presumably contains 
more dust. Above the zone of wastage, this is chiefly englacial. 
In the zone of wastage, it gradually becomes superglacial. Since 
there is a much longer period of surface melting in an ice-sheet 


than in a mountain glacier, and so a much greater amount of 
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surface melting, more dust must finally rest on the surface of an 
ice-sheet than on the surface of a lesser body of ice. Unless 
carried away by surface drainage, superglacial material having an 
eolian origin should appear at the upper (inner) margin of the 
zone of wastage, and should increase to the very edge of the ice. 
It should be most abundant in this position, since most ice has 
here been melted, leaving its dust behind. 

To the fine material which was left on the surface by the 
melting of the upper ice, was added such as blew upon the sur- 
face within the zone of wastage, and which was never englacial. 
Like the former, this latter material must have been most abun- 
dant at the extreme edge of the ice. 

It is not definitely known how important (quantitatively ) 
wind drift was on the North American ice-sheet. But it is 
believed that its amount was far greater than has been commonly 


recognized. 
DEPOSITION OF SUPERGLACIAL MATERIAL. 


If the margin of an ice-sheet thins to an edge, the englacial 
drift must ultimately become either superglacial or subglacial. 
Either basal melting will bring it to the bottom of the ice, or 
surface melting will bring it to the top. There is no third 
alternative. If the drift rise or sink through the ice, the case is 
in no wise altered, so far as the final result is concerned. If an 
ice-sheet terminates with an abrupt front, it is manifest that some 
englacial material may be deposited from its englacial position. 
Since the ice-sheet is believed to have thinned virtually to an 
edge, it is clear that essentially all the englacial material was 
either superglacial or subglacial in its final deposition. 

While the superglacial drift is being carried forward on the 
surface of the ice, the edge of the ice is being continually melted 
back. When it is melted back as rapidly as it advances, the 
edge of the ice is stationary in position. Whenthe rate of edge 
melting exceeds that of forward flowage, the edge recedes. 
When the wastage falls short of the advance, the edge moves 


forward. In any case the edge of an ice-sheet is being melted 
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off continually. In the first case, the extreme edge is in the 
same place from year to year, but the ice which is at the extreme 
edge this year is not the same ice which was in the correspond- 
ing position last year. That ice has been melted. The ice 
which is now at the edge was then back from the margin the 
distance of one year’s melting. All the drift covering carried 
by that ice which has been melted during the year has been 
dropped, and dropped on the surface over which the ice lay 
when it melted. The superglacial drift on the ice which is now 
at the front, is the superglacial drift which last year was back 
from the edge the distance of one year’s melting, together with 
such material as was then englacial, but which surface melting 
has meantime allowed to become superglacial. 

While the edge of the ice remains stationary in position, all 
deposits of superglacial drift must take place in a narrow belt at 
its edge. These deposits would tend to build up a marginal 
ridge, or dump moraine. For reasons already given, a stationary 
ice margin must have less surface drift than an advancing mar- 
gin, other conditions being equal. 

The case is somewhat altered if the edge of the ice be 
advancing. If the ice moves forward 500 feet per year, while it 
is melted back 400 feet, it makes a net advance of 100 feet. 
But the 400 feet which were at the front last year are gone, and 
the superglacial material which this 400 feet of ice carried has 
been deposited where the ice which carried it melted, that is, ov 
ground now occupied by the ice. The ice has already worked over 
in part, and buried in part, the superglacial material deposited from 
the 400 feet of ice which have been melted off during the year. 
When the ice has advanced still further, it will have covered 
the particular superglacial drift referred to more deeply, and 
will have modified it more completely. At no considerable dis- 
tance from the margin, the larger part of it would probably have 
lost every trace of its earlier superglacial character, by having 
been worked over beneath the ice, and so converted into sub- 
glacial drift. Such part as did not suffer this fate might be 
buried, and, in genesis, would be superglacial material (super- 
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glacial till). In position it would be deneath the subglacial drift 
deposited by the same ice-sheet. 


At every stage in the advance of the ice-sheet, there would 






be a narrow margin of ice covering the superglacial deposits 































made at the edge of the ice just before. Such superglacial 
deposits might for a time retain their superglacial characteristics, 
even though buried by the ice. So long as this remained true, 
their classification might be open to question. But it is not 
apprehended that this condition of things commonly existed for i 
any considerable distance back from the ice’s edge. This state- 
ment, which is believed to be true as a general statement, is not 
to be construed to mean that superglacial material, deposited by 
an advancing ice-sheet, may not in exceptional cases be buried 
by the subglacial deposits of the ice at a later and more advanced 
stage of its development, without being in any way changed, be- 
yond being compacted by the pressure of the over-riding ice. 
The ice at any stage whatsoever in the period of its advance, 
must have worked over, or in exceptional cases buried, all the 
superglacial material which had been deposited up to that time. 
What had been superglacial material thus became subglacial, as 
the ice advanced. However great the amount of superglacial 
material acquired and deposited by the advancing edge of a con- 
tinental ice-sheet as it passes over rough surfaces, essentially all 
of it must subsequently be reworked beneath the ice, must lose 
its superglacial characteristics in the process, and must have im- 
pressed upon it the features which ice impresses upon materials 
worked over beneath itself. That is, all superglacial and engla- 
cial-superglacial drift deposited by an advancing ice-sheet must 
be transformed later from superglacial into subglacial drift. It 
has already been shown that it is the advancing margin of an 
ice-sheet which is most favorably circumstanced for carrying a 
heavy load of superglacial material. The conditions of glacier 
motion and melting determine the continuous deposition of this 
material, while the ice is still advancing. It follows that the 
heaviest deposits of superglacial material which an ice-sheet can 


make at any period of its history, cannot retain their super- 
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glacial character, but are necessarily converted into subglacial 
drift." 

Such superglacial drift as was deposited by the melting of 
the ice at the time of its maximum extension, and later, after 
the recession began, would not become subglacial except by a 
subsequent advance of the ice. But oscillations of the ice-edge 
are probably frequent, even during the recession of a continental 
glacier, and it is only the superglacial drift left by the ice in any 
given locality at the time of its final withdrawal from that local- 
ity, which can properly be classed as superglacial drift. In view 
of this fact, and in view of the further fact that receding ice has 
little superglacial drift to deposit, it would seem that there was 
little chance for the presence of much superglacial drift in such 
a region as that from which our continental ice-sheet withdrew, 
unless, indeed, there was actual transfer of drift from a basal to 
a superglacial position. Not only would the amount of super- 
glacial drift deposited by the receding ice be slight, compared with 
the deposits of an advanced or advancing margin, but it would 
be composed of fresher material, which had been subjected to 
more wear. It would, therefore, be less distinct from the sub- 
glacial drift, so far as these characteristics are concerned, than 
the superglacial drift deposited by the extreme margin of the 
ice, 

It is no part of the purpose of this paper to discuss the criteria 
for the recognition of superglacial drift in glaciated regions. 
This may be the subject ofa later paper. But it may not be use- 
less to point out that such superglacial material as was deposited 
by the ice at and near the limit of its maximum advance, may 
have been largely acquired by the advancing margin of the ice 
while working over territory which had not been glaciated hith- 
erto. So far forth, it may have been largely composed of oxi- 


dized, and disintegrated materials. Here, and here only, it is 


*This statement leaves out of consideration the effect of possible unequal rates of 
advance and recession of the ice. Such inequality might slightly change the result. 
It also leaves out of consideration the drift which is thought by some to rise through 


the ice during its motion. 








THE JOURNAL OF GEOLOGY. 


conceived, was the superglacial drift notably more oxidized and 


disintegrated than the subglacial at the time of its deposition. 
It is not believed that this belt of notably oxidized and disin- 
tegrated superglacial drift could have been many miles in width, 


even when the ice-sheet with which it was connected was wide. 
Toward the direction whence the ice came, the character here 
noted would gradually disappear. 

Rotiin D. SALISBURY. 

















EDITORIALS. 


THE scope of the work of the United States Geological 
Survey was enlarged the present year by the adoption of an 
amendment to the appropriation bill providing for the gauging 
of the water supply of the United States, and for the investiga- 
tion of the artesian water areas. The demands made upon the 
Survey from time to time for information concerning the water 
resources of the country are far greater than it is able to meet. 
The demand is especially from the West ; but numerous calls also 
come in from the East relative to the available water supply for 
power, and in some areas for irrigation. Response to the 
inquiries made requires not only a broad knowledge of the 
topography, geological structure, and meteorological conditions 
of the regions involved, but. also more or less familiarity with 
the local conditions governing the distribution and character of 
the available water. These inquiries are made by all classes. 
They come from farmers seeking to provide water for domestic 
use, and for irrigation; from individuals seeking artesian water 
supply and water power; from municipal organizations; and 
from members of congress having in view legislation concerning 
the utilization of streams flowing across state boundaries. 

The general government has absolute title to nearly one third 
of the area of the United States, excluding Alaska. With the 
exception of certain areas within the Indian Reservations, the 
public lands of the West are mainly within the arid or semi-arid 
region. There is only enough water for the irrigation of a small 
proportion of the rich soil. Whether it be received from artesian 
sources or from precipitation direct, the government is still far 
from knowing the total amount available, or the best method of 
its utilization. 

In order to throw light upon one of the many phases of the 
633 
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inquiries concerning the water resources, a thorough investigation 
was made, under the direction of Major Powell, as to the popula- 
tion of the lands of the national domain. The result shows that 
settlement has followed the streams of the great west to a 
remarkable degree, and that it has clustered about the foothills 
of the higher mountain ranges, which, from their abruptness of 
topography, insure a perennial supply of water for irrigation. 
There is hardly a spring, creek, or small river, whose waters are 
not utilized by the farmer. As a consequence, the surface 
of the great desert of arid land is everywhere dotted with oases. 
The water which is thus utilized is that which is most readily 
available. There is much that is still unemployed. Both the 


a aed 


great supply of storm waters, and the underground supply, are 
scarcely touched. The utilization of this unappropriated water 
is the first condition for the further development of the arid and 
semi-arid lands. In order that it may be utilized, a careful 
investigation should be made, in order to furnish the information 
which is needful before new enterprises can safely be entered 
upon. 

In the past, the hydrographic work of the Survey has been 
limited, because of the small sum available for gauging the 
streams, and for studying the various problems involved. Such 
results as have been secured were rather an incidental result of 
the brief irrigation survey which was practically suspended in 
1891. The scope of the requests for information shows the 
popular appreciation of the best work in this direction. From 
this standpoint the inquiries are encouraging. At the same time 
they are embarrassing, in that it is assumed that the Survey has 
extended its investigation over the whole field, when, as a matter 
of fact, the work has been carried on in a restricted way in but 
a few of the more important localities. 

The nation as a whole is interested in the question of its 
water resources, as vital to the future of the public lands. It is 
also interested in the general question of water for domestic 
purposes, especially in thickly settled districts. The economic 
and effective search for waters for this purpose involves a knowl- 
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edge of all of the factors entering into a thorough hydrographic 
investigation. In the search for artesian waters, thousands of 
dollars have been wasted in places where a thorough knowledge 
of the geological structure would have prevented such waste. 
Each year this fact is being better appreciated, and expert 
opinion is more and more sought, both in connection with the 
search for artesian water, and in the utilization of water power. 

The hydrographic work is not only intimately related to 
geology and topography, but also demands data from the records 
of climatic oscillations. The latter may be obtained from the 
records of the Weather Bureau, but in other respects the work 
is essentially a survey, and should be prosecuted in the most 
economic manner possible. The organization of the department 
of hydrographic work under the present limited appropriation is 
under the charge of Mr. F. H. Newell, who is assisted by Mr. 
Arthur Davis. Both of these gentlemen are trained topogra- 
phers, and have had long experience in such hydrographic work as 
is contemplated by the Survey. At present they are largely 
engaged upon the special study of the water supply of the great 
arid and semi-arid region of the interior, employing local assist- 
ance wherever parties are found who are interested in the work. 
A large amount of this assistance is voluntary, so that they are 
able to obtain much more extensive results than would otherwise 
be possible with the resources at command. The railroads, 
especially, are giving much assistance by having their bridge 
tenders read the river gauges that have been set up under the 
direction of Mr. Newell. 

The value of this work is beyond question, and since it is so 
closely related to geology, it appears to be strictly germane to 
the work of the Survey. . R. D. S. 


*  * 
* 


THERE is another project under consideration by the Director 
of the Survey that will be of practical value to the people of the 
country. It is proposed to establish a laboratory for the study 
of materials entering into the construction of highways. At 


present there is a decided movement in the country towards the 
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betterment of roads. This movement has not yet taken a national 
character, but it is believed that, by establishing a laboratory in 
connection with the National Survey, where information can be 
given as to the character of the material best adapted to road 
construction, a great impulse may be given to the improvement 
of highways. 

It is well known that in many districts great expense has been 
incurred in building roads, with the result of producing dusty 
roads in summer and muddy roads in winter. This outcome is 
the result of ignorance in regard to the character of the rock 
necessary for the production of good roads. Inferior materials 
have sometimes been used, when, in the immediate vicinity, there 
were other materials which, alone or in combination, would have 
procuced a solid road-bed. Such failure results in discourage- 
ment, and is detrimental to further progress. The requirements 
which relate to the building of a road are not more complicated 
than those which relate to the building of a roof. The main 
questions have to do with the choice and manipulation of mate- 
rials. It is clearly within the province of the Survey to gather and 
distribute accurate information concerning the value and location 
of rocks which may serve a good purpose in the construction of 
roads. Toa great extent these inquiries can be made in the ordi- 
nary work of the Survey, with but a small addition to the present 
cost of its operations. 

A large part of the country, including the greater portion of 
the southern states, and some portions of the Mississippi basin, 
has been thought to be essentially destitute of materials suit- 
able for the construction of good roads. The inquiries that 
have been made by geologists, especially by Professor Shaler, 
have shown that in many places within these regions there are 
hidden deposits of grav el, and other sorts of rock, which, when 
properly used, might give excellent highways, and that around 
the margin of this great area, often within the limits of convenient 
railway distribution, there are abundant supplies of rock well 
fitted for such use. It only remains to discover the supply of 


such stone as is cheapest and best for the use of each region. 
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This information can only be obtained in practical form for each 
district, as the work of the Survey advances. Professor Shaler 
has prepared a paper on the subject of geological highways, 
which will be printed in the annual report of the Director of the 
Survey for 1893—4. For more detailed information, it is proposed 
that the various road commissioners send to the Survey samples 
of such rocks and gravels in their immediate vicinities as are 
believed to be valuable for road construction. 

A laboratory for inquiry into the value and use of mate- 
rials which may be useful in the construction of highways was 
established in connection with the Massachusetts Road Commis- 
sion at the scientific department of Harvard University. This 
was established especially to meet the needs of Massachusetts. 
The results of the first year’s work have shown clearly that the 
laboratory will be of great service to the people. It is possible 
that each state should establish a laboratory, though this would 


lead to great expense, since the amount of work to be done after 


a year or two of study would be relatively small in each, and the 


results obtained by divers observers and methods would lack the 
unity which give a national value. 

The work of the laboratory should be arranged so as to 
obtain information (1) as to the resistance of the material to 
blows such as are inflicted by the feet of draft animals and by 
carriage wheels; (2) as to the cementation value of the dust 
which is made when the bits of stone are placed upon the road 
and driven together by the weight of the roller; (3) as to the 
extent to which the stone is likely to be penetrated by water, 
which, on freezing, will break and disturb the road-bed. When 
preliminary tests have shown that any given material is likely to 
be valuable, it may be desirable to make further and more thor- 
ough tests by paving a square rod of some street where the 
amount of traffic is sufficient to give it a thorough trial. 

Experience has shown that many kinds of rock which are 
not suitable for road building when used alone, may be combined 
with other materials in such wise as to give good results. Thus 


certain quartzites, which, though very hard, do not, when crushed, 
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form a binding cement of good quality, may be made to do good 
service in road construction when mixed with a small quantity 
of rock powder obtained from some other stone. As this pow- 
der need not exceed one tenth of the material used in road 
construction, it need not involve great cost, even if brought 
from a considerable distance. 

Professor Shaler has called attention to the use of bricks for 
highways. They have been used for centuries in Holland, and 
it now seems likely that in the lowlands of the South this kind 
of pavement may come to be of great value. This makes it 
important that the laboratory should include in its investigations 
a careful study of the clays of the country, with reference both 
to distribution and burning qualities. Much information is at 
hand concerning the clays of the country, but little attention 
has been paid to this phase of their use. 

During the present year an officer of the Survey will be 
detailed to take charge of the investigation of highway mate- 
rial in the laboratory at Cambridge, Mass. The establishment 
of a national laboratory will be brought to the attention 
of congress, and a request made for a suitable appropriation. 
The entire expense would probably not exceed $15,000 for the 
first year, and $10,000 a year thereafter. It would seem that 
such a laboratory would speedily become a source of public 
information concerning highways, and that it would prove to be 
of great value to the country. 2 ah 

















REVIEWS. 


SOME RECENT ALPINE STUDIES. 

Bettrige zur Lehre von der Regionalmetamorphose. L. MIiLcu 
(Neues Jahrbuch fiir Mineralogie u.s.w., Beilage Band IX., 
1894). 

Zur Classification der unorganogenen Gesteine. L. Mitcu (same 
journal). 

Etudes dans. les Alpes Francaises. MArceL BERTRAND ( Paris, 
1894). 

Through the classic works of Heim and Lehman in 1878 and 1884, 
the problems of metamorphism were clearly set forth and attention 
was called to the fact that nowhere in the world were the conditions 
more favorable for their solution than in the Alps. In this region all 
gradations were to be found from the least metamorphosed sediments 
to the most highly altered clastics and eruptives. Investigators of 
marked ability were attracted to the field and a very copious literature 
on Alpine metamorphism has resulted. Their success led to similar 
work in numerous other fields where these same problems had been 
considered as incapable of solution. These workers look with interest 
to all contributions to the knowledge of Alpine geology, for they are 
sure to contain valuable suggestions for the prosecution of work on the 
crystalline schists the world over. 

During the past few months Dr. Milch of Breslau has published a 
second paper on the dynamic phenomena of the Verrucano. In a 
former paper* he discussed the subject of the dynamic metamorphism 
of the eruptive rocks, and in the present paper he gives some results of 
a study of the metamorphism of the sediments as bearing on the 
general subject of regional metamorphism. 

Many of these altered sediments show typical clastic grains, while 
others have lost all trace of such character. Such rocks are divided 
according to the nature of the alteration into the following groups : 

* Reviewed in JOURNAL OF GEOLOGY, Vol. I., No. 8, p. 850. 
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. Allothimorphic fragments, with the composition and form of 
unaltered clastic constituents. 

. Authimorphic fragments, with the composition of the clastic 
constituents unchanged, but the form altered. 

. Allothimorphic pseudomorphs, with the composition changed in a 
manner depending on the nature of the former substance, but 
with unchanged form; dependent new products with old 
allothimorphic form. 

Authimorphic pseudomorphs, with.the composition changed as 
above, but with altered form ; dependent new products formed 
with new, authimorphic form. 

Eleutheromorphic new products, with composition and form 
altered ; true authimorphic products. 

Under the division of authimorphic fragments two classes are dis- 
tinguished ; those which have become adapted to the altered conditions 
are designated as £amptomorphic; the others are called authiclastic. All 
of the categories above tabulated are observed in the rocks of the 
Murgthal. ‘The first and second divisions are observed especially in 
the quartz, feldspar, and mica, while the third is best seen in the 
sericite and iron hydroxide masses. In the latter case, there is a varied 
arrangement of the leaves and fibres. Where the new products are 
radically arranged around the larger minerals, the structure is desig- 
nated as eleutheromorphic-lenticudar (flaserig). If these new formations 
wind around the larger mineral components, the structure is called 
mechanical-lenticular (flaserig). In the first case, the single leaves are 
not deformed and they show no optical disturbance, while in the 
second instance these leaves are bent. ‘The former are analogous to 
the links of a twisted chain, and the latter to the strands of a cable. 

The author compares with the altered sandstones of the Murgthal, 
the curved lenticular gneiss of the Rhine valley. These rocks have 
been strongly contrasted by all previous students, but Dr. Milch 
regards the difference between them as one of degree rather then kind. 
In both the original unaltered material was allothimorphic. The 


present authimorphism has been produced by chemical and mechanical 


means. ‘The cause has usually been regarded as pressure alone. ‘This 
explains the mechanical alteration of the components, but the chemical 
alteration is only to be explained by a transfer of substance through 
the agency of water. Dislocation and faulting are not necessary to 


produce these changes, for pressure and high temperature are sufficient. 
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In a discussion of regional metamorphism two divisions must be 
recognized, pressure and dislocation (dynamic) metamorphism. The 
former alters all rocks, while the latter is dependent on the nature of 
the rocks, and it is confined to certain areas. Both build similar 
minerals and they have a common cause for mineral alteration. The 
tests for distinguishing regionally metamorphosed rocks are varied. 
While Credner and Dathe emphasized the point of the presence or 
absence of mechanical phenomena as the clue, Milch regards the 
absence of such effects as no proof against dynamic metamorphism. 
A second distinction is the entrance of magnesian minerals of the mica 
and chlorite groups. In regionally metamorphosed rocks chlorite is 
more important, while in the true crystalline schists biotite is the 
important mineral. 

Clastic structures are often lost and so cause an outward resem- 
blance of many gneisses to eruptive rocks, but that this is only external 
is easily proven by the chemical composition. 

In pressure metamorphism, the pressure is at first weak but 
increases slowly through the successive geological periods, and it pro- 
duces especially kamptomorphous forms. The condition for dislocation 


metamorphism is a sudden pressure working in a limited time with 


varying intensity and direction. ‘This pressure does not form gneisses 
but mica schists. In a rock under a slight pressure, clastic phenomena 
are abundant, but as this pressure is increased, the forms become 
kamptomorphous. Finally, with great loading and small motion, 
gneisses are formed resembling those produced by pressure metamor- 
phism. Thus the two divisions are bound together by numerous tran- 
sitions. The great force is pressure which sometimes produces greater 
mechanical changes, under other conditions, more chemical alterations. 
Mechanical changes, especially the crushing and formation of small 
components, characterize dislocation (dynamic) metamorphism. 

Dr. Milch, in the second article, presents a new rock classification 
which depends essentially on the source of the material of the rock 
constituents and the cause of their present form. It is fourfold and 
conformable to the four divisions of igneous rocks, chemical precipi- 
tates, mechanical sediments, and crystalline schists. Its advantage 
over this old system is the placing of the products of contact and 
regional metamorphism in a fixed placé. 

Group 1) includes rocks composed of components whose material 


separated out of the original molten sea, in the form of the 





Group 


Group 


Group 
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present rock. Such types are called archaiomorphic. To this 
group belong all the eruptive rocks. Through alteration, trans- 
port, and reconsolidation new groups are formed, known as #¢o- 
morphic, which are further divided according to the manner and 
condition in which the material has been transported, and the 
way in which the constituents have acquired their present 
form. There are three groups of these neomorphic rocks. 

2) includes rocks whose material was in another form and in 
another part of the earth’s crust, but the form of whose con- 
stituents has been acquired without outside influence. These 
are the chemical precipitates and are designated as authi-lyto- 
morphic. 

3) includes rocks which originated in another place but through 


transportation have been brought in a solid condition to the 


present location and united into a new rock with the old form. 
These are the mechanical sediments, and they are called a//otht- 
stereomor phic. 

4) includes rocks composed of constituents whose material was 
originally deposited on the place where they are now found, but 
which have in a mechanical or chemical manner built a new 
rock on the old place. Here are placed the products of con- 
tact and regional metamorphism and weathering, and they are 


designated as authi-neomorphic. 


Each of these three neomorphic divisions under altered conditions 


passes over into the other two, but all originate from the first division, 


or archaiomorphic. ‘The various possibilities are shown in the direc- 


tions of the arrows in the following diagram given by Dr. Milch: 
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Professor Bertrand has extended the work to the westward, and 
brings together in two papers the results of his four years’ work in 
the French Alps. The first paper describes the structure and meta- 
morphism, while the second is devoted to a discussion of the /ustrous 
schists. 

The structure is that of the fan with the folds on the west dipping 
toward France and on the east toward Italy. In the neighborhood of 
St. Maurice and Briancon, the axis of the fan is formed of Carbonif- 
erous rocks; while farther south, it is formed of Eocene layers inclin- 
ing in the same way. While the Carboniferous zone on its western 
border forms a curve regular and parallel to the axis of the chain, the 
interior folds are remarkable for their irregularities. ‘The cause of 
this difference is the presence of elongated lenses occurring in the 
synclines and anticlines. Such an arrangement resembles the augen 
(amygdaloidal) gneiss, so the name amygdalotdal (augen) structure is 


proposed. To illustrate the importance of these lenses, Mt. Blanc is 


found to be one large lens or augen rising from a synclinal area. 
All this region of the Alps during Carboniferous, Triassic, and 
probably Jurassic time has been the seat of continuous sedimentation. 


The later movements have restored to light these ancient sediments 
and have shown the depths to which they have been buried. 

While in one case the lustrous schists seemed to be of Paleozoic 
age, in all other places they are better interpreted as Triassic. The 
very great development of green rocks of apparently Triassic age 
seemed exceptional, but they were found in other places associated 
with fossils. The author regards the Hudson river group in the 
United States, as described by Walcott, as the first instance comparable 
to these lustrous schists. Similar bodies of schistose rocks as a 
facies of fossiliferous beds occur in Scandinavia and the Pyrenees. It 
is, then, a general fact that on the site of the important mountain chains, 
before their formation was complete, there was active sedimentation 
with a schistose facies limited to the synclines and usually of basic 
rocks. In this region there was a rapid filling up of the geosynclines 
in the flysch periods. The Triassic #ysch was formed at the centre of 
the chain before the first submergence. The Eocene flysch was depos- 
ited on the border of the chain already emerged, and this was followed 
by active denudation which resulted in a recent rupture of the equilib- 
rium. That the age of these lustrous schists is Triassic there is but 
little doubt, a conclusion which agrees with the observations of Lory. 

G. PERRY GRIMSLEY. 














ANALYTICAL ABSTRACTS OF CURRENT 
LITERATURE. 


Eastern Boundary of the Connecticut Triassic. By W. M. Davis and 
L. S. GriswoL_p. Bull. Geol. Soc. Amer., Vol. 5, pp. 515-530. 
April, 1894. 

Some New Red Horizons. By BENJAMIN SMITH LYMAN. Proc. Amer. 
Philos. Soc., Vol. 33, pp. 192-215. June, 1894. 

The “ Triassic’’ of Davis and Griswold and the “ New Red” of Lyman 
are the same series of strata, the series for which Redfield proposed the non- 
committal name “ Newark.” 

The first paper is introduced by an outline of the geologic history of the 
district, the main points of which had been previously published by Davis. 
The Triassic beds were deposited unconformably on crystalline and metamor- 
phic rocks to a depth of at least 11,000 or 12,000 feet. Their sequence is 
interrupted by trap sheets, partly contemporary and partly intrusive. They 
were uplifted, faulted, tilted and degraded, being reduced to base level in 
Cretaceous time. Uplift and further extensive degradation followed in Tertiary 
time, and the work of Pleistocene ice modified topographic details. 

The eastern boundary of the Triassic area is determined by five faults. 
Three trend north and south and have downthrow to the west. Two trend 
northeast and southwest, intersecting the others, and have downthrow to the 
northwest. Points of intersections are marked by two salient and reéntrant 
angles in the boundary. The transverse faults are identified with faults 
observed in the centre of the area and there found to involve displacements 
of 2,000 and 1,000 feet respectively. One of the meridinal faults shows a 
maximum displacement of not less than 9,000 feet. Great pains are taken to 
explain the nature of the evidence on which these results are founded. 

The second paper is based primarily on'a minute survey of the New Red 
in Montgomery and Bucks Counties, Pa., where the series is composed of five 
formations, the Pottstown (youngest), Perkasie, Lansdale, Gwynedd and 
Norristown, with a total thickness of at least 27,000 feet. The formations dip 
toward the northwest and their outcrops are partly duplicated bya great fault 
(described in an earlier article by the same author). Their representatives 
are conjecturally identified in other counties and states, partly from strati- 
graphic descriptions, partly from structural studies conducted by comparing 
reported dips with topographic details represented on the contour maps of 
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the New Jersey and United States Surveys. Hypothetic maps and sections 
are given of the New Red in New Jersey, New York, Connecticut and Massa- 
chusetts. The structure ascribed to the Connecticut field differs radically 
from that of Davis and Griswold, being characterized by folds instead of 
faults. ll trap sheets are held to be contemporaneous. 

With the aid of these maps and other conjectures ninety-one localities of 
fossils, ranging from Massachusetts to North Carolina, are classified with 
reference to the five formations discriminated in Pennsylvania; and lists are 
given of the species reported from the several localities. It is thought that 
the uppermost and lowermost beds may differ widely in age, the Norristown 
being possibly as old as Permian. 

The paper is emphatic, not to say eloquent, in its characterization of the 
fatuity of the opinions it controverts, but the dangers which lurk in rhetoric 
are minimized by the suppression of names. 

It is only through extrapolation that the two researches are made to appeat 
discordant. If the structural results of elaborate field study in Pennsylvania 
be compared with the results of similar work in Connecticut, substantial agree- 
ment is found. In each district the series is very thick, has a dominant dip 


in one direction and is expanded in outcrop by faulting. GS &. 


The Optical Recognition and Economic Importance of the Common 
Minerals Found tn Butlding Stones. By Lea Mcl. Luguer. 
(School of Mines Quarterly, Vol. XV., No. 4, July, 1594). 

he microscopic examination of thin sections of building stones was first 


recommended by Cordier in 1816, and H. C. Sorby was one of the first to 


successfully put it in practice. The facts determined by the microscope are 
divided into two classes: 1. Mineralogical, including (a) the component 


minerals, (4) the chemical composition of the minerals, (c) the condition of the 
minerals. 2. Physical or structural, including (a) porosity, (4) cohesion, (c) 
homogeneity. Thirty-eight rock-forming minerals are described, and a short 


bibliography is given of the articles consulted in the preparation. T.C. H. 


Landscape Mardle. By Breese THompson (The Quarterly Journal, 
Geological Society, Vol. L., Part 3, No. 199, August, 1894, -pp. 
393-410). 

The first published description of the landscape marble occurs in a work 
by Edward Owen in 1754. The name ‘“ Cotham Stone’ comes from Cotham 
House, near which it was quarried. The stone is described as a close- 
grained argillaceous limestone with no distinct evidence of concretionary 
origin. The upper surface is often much wrinkled, the interior characterized 
by dark markings. Two landscapes are shown in some specimens, The 
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microscopic and chemical characteristics and mode of occurrence are briefly 
described. The following theories, proposed by others to account for the 
peculiar markings, Mr. Thompson considers inadequate: (1) Escape of 
imprisoned air; (2) gaseous emanations ; (3) infiltration of dark mineral 
matter ; (4) shrinkage of the stone. He thinks they are due to interbedded 
layers of vegetable matter. Experiments were made to reproduce the char- 
acteristics of the landscape marble, and an imaginative word-picture is drawn 
of the conditions under which the writer supposes the stone to have been 
formed. 3 Ge Et. 


The Famous Connecticut Brownstone. By Burron H. ALLBEE (Stone, 
Vol. I[X., No. 1, June, 1894, pp. 1-31). 


[he famous Connecticut brownstone quarries at Portland have been 
operated for more than 200 years, and at the present time are worked on a 
gigantic scale. Mention is made of these quarries in the official records of 
Middletown, September 4, 1665, and in 1690 six acres were sold to the town 
by the Middlesex Quarry Co rhe quarrying is done at present by three 
companies, who utilize more than 1,000 acres, and employ 1,000 to 1,200 
men. The annual production varies from 1,700,000 to 2,000,000 cubic 


feet, half of which is high-grade dimension stone and the remainder used 


for piers, foundations, etc. The quarries are located on the bank of the Con- 
necticut river, stretching for two miles along its course. Channelers, steam 
drills, and blasting are employed in the quarry. Average blo¢ ks are from two 


to five feet thick, but blocks measuring 128 feet by 20 feet by 11 feet have 
been loosened, The quarries are now 200 feet deep. 

The stone is of Triassic age, and has long been noted for the bird and 
bird-like serpent tracks which occur in it. Chemical analysis shows it to 
contain 70.11 per cent. silica, 13.49 per cent. alumina, and a small per cent. 
each of iron oxide, manganese, lime, magnesia, soda, and potash. It has a 
specific gravity of 2.35 and weighs 150.75 lbs. per cubic foot. It has a 
crushing strength of 10,000 to 10,900 lbs. per square inch. 

Che stone has been used to some extent for monuments but is primarily a 


high-grade building stone, and as such has been shipped to all parts of the 


United States. Its great durability is shown by the fact that on tombstones 
which have been standing more than 200 years the lettering is still distinct. 
Che article is illustrated by thirty full-page plates, one a representation of the 


brownstone in colors, ac Gs Oe 


The Lake Superior Sandstones. By H. G. ROTHWELL (Stone, Vol. IX., 
No. 1, June, 1894, pp. 59-61). 
The article is supplementary to an earlier one published in the proceedings 


of the Michigan Engineering Society for 1891. The quarries at or near 
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Ashland and on the island of Bayfield produce an excellent building stone, 
yet not without defects. From one of the quarries the largest block of sand- 
stone ever quarried was taken. 

The Portage-Entry red sandstone is very popular on account of its fine 
grain, easy splitting and sawing qualities, and easy manipulation under the 
tool. In some localities it loses its bright color and becomes streaked. The 
Marquette Raindrop stone is rapidly growing in favor. It is of Potsdam age 
and older than the preceding stone. The sandstone from Keweenaw Bay 
took first prize at Philadelphia and Chicago for building sandstone. Analyses 


and crushing strength of the different varieties are given. pa 


The Great Bluestone Industry. By HENRY BALCH INGRAM (Popular 
Science Monthly, July, 1894). 

[he writer states that New York City, which uses such large quantities of 
North or Hudson river bluestone flagging, has the finest sidewalk pavements in 
the world. The bluestone is a fine-grained, compact sandstone, extremely 
hard and made up of microscopic crystals of the sharpest sand. The stone 
occurs in a belt stretching from the Helderberg Mountains in Albany county 
diagonally across the southeastern portion of the state into Pike and Wayne 
counties, Pennsylvania. The belt varies in width, being in the shape of a 
scalene or obtuse triangle. The best quality of stone found along this belt is 
in Ulster county, where it has a medium to dark blue color. In the north 
part of the belt it has a gray color, and in the south part a deep red. So far as 
known the first quarry of this stone was opened near Kingston, in 1826. It is 
now one of the important industries of the state, the product of the quarries 
amounting annually to nearly $3,000,000. One quarry at West Hurley, known 
as the Lawson quarry, is said to have produced more than $4,000,000 worth 
of bluestone. The stone occurs in blocks piled up like cardboard, which are 
wedged off, lifted out, and cut up into the sizes required. Some are too small 
for flagging and are used for coping, pillar caps, etc. Sometimes monoliths of 
great size are obtained; one being 20 X 24 feet andg inchesthick. The blue- 
stone in Ulster county, New York, belongs to the Hamilton period, while that 
quarried in the other counties belongs to the Catskill group of Devonian age 
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